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ABSTRACT 


Petrology,  heavy  minerals  and  mechanical  analyses  were  utilized  in 
the  study  of  the  Viking  sandstone  from  three  wells  in  west  central 
Alberta. 

The  heavy  mineral  assemblage  indicates  that  pre-existing 
sedimentary  rocks  were  the  major  source  of  the  Viking  sediments,  but 
igneous  and  metamorphic  rocks  have  also  made  some  contribution. 

Mechanical  analyses  indicate  a  bimodal  size  distribution  in  the 
Viking  sandstone,  for  which  two  explanations  are  proposed. 

A  slight  uplift  in  the  highland  to  the  southwest  and  the  ensuing 
erosion  of  pre-existing  sedimentary  rocks  contributed  detritus  to  the 
rather  shallow  Viking  sea.  The  presence  of  glauconite  and  siderite 
associated  with  bands  of  black  pyritic  shale  suggest  slightly  reducing 
conditions  and  a  slow  rate  of  sedimentary  influx. 

Potassium-argon  dating  on  glauconite  yielded  a  date  of  78  million 
years.  This  figure  is  thought  to  be  low  because  of  radiogenic  argon 
loss  under  conditions  of  mild  thermal  metamorphism. 
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INTRODUCTION 

CHAPTER  I 


General  Statement 

This  study  on  the  petrology  of  the  Viking  sandstone  in  the  Edmonton, 
Cynthia  and  Windfall  areas  of  west  central  Alberta  was  carried  out  to  extend 
northwestwards  knowledge  already  obtained  to  the  southeast  by  Stansberry 
(1957)  and  other  workers. 


Material  Used 


Information  presented  in  this  thesis  was  derived  from  diamond  cores 
of  the  following  wells: 

(l)  Mid  Western  Majeau  #B-6-36 


Lsd.  6  Sec 

.  36  Twp. 

56  Rge 

.  4  W5 

Core  #5 

3386-3436 

Rec  • 

50.  O' 

Core  7 
Core  #7 

3436-3463 

Rec  • 

27  .0 1 

3463-3489 

Rec  • 

26.7’ 

Core  #8 

3489-3519 

Rec  • 

31 .3 1 

Fina-Pan  Am.-H.B •  Windfall 

#7-8 

Lsd.  7  Sec 

•  8  Twp •  60  Rge • 

15  ¥5 

Core  if 1 

5175-5197 

Rec. 

21. 0f 

(3)  California  Standard  Cynthia  #16-21 
Lsd.  16  Sec.  21  Twp.  49  Rge.  13  W5 
Core  $6  7495-7525  Rec.  30. 0T 

Core  #7  7525-7575  Rec.  30.0* 


Previous  Work 


The  name  Viking  was  first  introduced  in  geological  literature  by  Slipper 
(1918)  when  he  noted  "the  occurrence  of  natural  gas  in  the  important  field 
north  of  Viking 11 .  In  1919,  Slipper  again  used  the  name  Viking  in  a  Geological 
Survey  of  Canada  report  on  gas  and  oil  fields  in  Alberta,  Saskatchewan  and 


Manitoba . 


- 
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Hume  (1933)  described  the  Mgas  sand11  in  Viking  #1  and  #2  Wells  in 
his  report  on  oil  and  gas  in  Western  Canada. 

Hume  and  Hage  (19U1)  in  a  report  dealing  with  the  geology  of  east 
central  Alberta  stated  that  the  Viking  sand  attains  a  maximum  thickness 
of  hh  feet  in  the  Viking-Kins el la  field.  Eastward,  the  sandstone  shales 
out  and  is  represented  only  by  a  zone  of  polished  chert  and  quartzite 
pebbles. 

Hume  (1914*  )>  in  a  report  on  seismic  surveys  in  the  Wainwright  area, 
stated  that  the  sands  that  produce  gas  in  the  Viking-Kinsella  area  become 
replaced  by  sandy  shales  in  the  vicinity  of  Wainwright. 

Nauss  (19U5)  reported  on  the  Cretaceous  microfauna  of  the  Vermilion 
area  and  noted  the  absence  of  the  Viking  sand.  He  showed  a  possible 
correlation  of  the  Viking  sandstone  in  the  Viking-Kinsella  area  to  the 
Blackleaf  sandy  member  of  southern  Alberta. 

Layer  (19l*9)>  in  a  report  on  the  Leduc  oil  field,  gave  a  rather 
detailed  description  of  the  lithology  of  the  Viking  and  noted  its 
possibilities  as  a  gas  reservoir. 

Hunt  (1950),  in  a  preliminary  report  on  the  Joseph  Lake  oil  field, 
described  the  lithology  of  the  producing  Viking  sand,  the  environment  of 
deposition,  and  structure  of  the  field.  Hunt  (1951*)  enlarged  the 
discussion  to  include  the  Armena  and  Camrose  fields. 
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Stelck  (1950),  in  a  study  of  pre-Viking  and  post-Viking  microfauna, 
was  able  to  correlate  the  Viking  formation  of  central  Alberta  with  the 
Pelican  of  the  Athabasca  River  area,  the  Cadotte  member  of  the  Peace  River 
formation  in  the  Peace  River  area,  and  the  Bow  Island  chert  of  the  Blackleaf 
member  of  the  Colorado  shale  of  the  southern  Alberta  plains, 

Lockwood  and  Erdman  (1951),  in  a  report  that  dealt  mainly  with  the 
Devonian  of  the  Stettler  field,  described  the  lithology  of  the  Viking  and 
noted  its  non-porous  nature, 

Reas oner  and  Hunt  (1954),  in  a  discussion  of  the  structures  in  the 
Coleville-Buffalo  Coulee  area  of  Saskatchewan,  briefly  described  the 
Viking  and  the  history  of  the  discovery  wells  in  the  area, 

Gammell  (1955)  described  the  lithology  and  geologic  history  of  the 
Viking  formation  of  central  Alberta  and  correlated  it  with  the  Bow  Island 
formation  of  southern  Alberta,  the  Mountain  Park  formation  of  the  foothills 
region,  the  Pelican  of  the  Athabasca  River  area  and  the  Cadotte  of  the 
Peace  River  region, 

Waddell  (1957),  in  a  study  of  the  petrography  and  heavy  minerals  of  the 
Paddy  and  Cadotte  members  of  the  Peace  River  formation,  correlated  the 
Paddy  with  the  Pelican,  and  the  basal  part  of  the  Cadotte  with  the  Joli 
Fou  of  the  Athabasca  River  area. 

Stansberry  (1957)  correlated  the  Viking  of  the  Keystone,  Joffre  and 
Joarcam  areas  of  central  Alberta  on  the  basis  of  foraminifera  and  the 
similarity  of  sporomorphs . 
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Stelck  (1958)  indicated  that  the  Viking  correlates  with  part  of  an 
erosional  hiatus  between  the  Lower  and  Upper  Blairmore  formations  in  the 
Rocky  Mountain  foothills  of  southern  Alberta,  and  an  extensive  gap  between 
the  Blaclcstone  and  Mountain  Park  formations  of  central  western  Alberta, 
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CHAPTER  II 

Stratigraphy  and  Correlation 


The  Viking  Formation 

The  Viking  formation  of  central  Alberta  occurs  within  the  basal  portion 
of  the  marine  Colorado  group  of  the  Cretaceous  system  and  below  the  nfish- 
scale'*  marker,  no w  taken  to  be  the  boundary  between  the  Upper  and  Lower 
Cretaceous.  The  Viking  and  its  equivalents  are  present  under  most  of 
Alberta,  southwe stern  Saskatchewan  and  northern  Montana,  The  Viking  sandstone 
shales  out  north  and  east  of  a  line  drawn  roughly  from  Lac  La  Biche,  Alberta, 
through  Coleville  and  Swift  Current,  Saskatchewan.  The  Viking  does  not 
outcrop  in  the  foothills  of  the  Rocky  Mountains, 

The  type-section  of  the  Viking  is  generally  considered  to  be  a  subsurface 
section  in  the  Viking-Kinsella  field  near  the  town  of  Viking  in  east  central 
Alberta • 

Regionally  the  Viking  consists  of  from  one  to  three  marine,  light  to 
medium-grey  sandstones,  interbedded  with  dark  grey  shales,  silty  shales 
and  occasional  thin  bentonite  and  ironstone  bands.  The  sandstones, 
commonly  glauconitic,  vary  from  very  fine  to  coarse-grained,  being  finest 
at  the  northeast  pinch-out  edge  and  slightly  coarser  in  a  southwesterly 
direction.  A  fairly  consistent  band  of  chert  pebbles,  separated  from 
the  top  of  the  upper  sandstone  by  an  interval  of  dark  grey,  silty  or  sandy 
shale,  marks  the  top  of  the  Viking  formation.  A  thin  chert  pebble  bed 
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is  often  present  at  the  top  of  the  upper  sandstone  in  its  coarser  phases. 
Where  well  developed,  the  sandstones  of  the  Viking  exhibit  minor  cross¬ 
bedding  and  evidence  of  reworking.  The  shales,  often  silty  or  sandy, 
contain  carbonaceous  material  and  fish  remains. 

In  central  Alberta  the  Viking  formation  is  approximately  100  feet  thick, 
thinning  to  the  north  and  east  and  thickening  to  the  south  and  west  at  the 
expense  of  the  underlying  Joli  Fou  shale.  The  entire  Joli  Fou-Viking 
interval  thins  farther  southwest  to  rapidly  pinch-out  before  reaching  the 
Foothills  • 

Edmonton  Area 

The  Viking  formation  is  137  feet  thick  in  the  Mid  Western  Majeau 
^B-6-36  well.  The  "fish-scale"  marker,  in  the  overlying  Colorado  shale, 
is  112  feet  above  the  top  of  the  Viking  while  the  underlying  Joli  Fou 
shales  are  27  feet  thick.  A  thin  band  of  poorly  cemented  chert  pebbles, 
overlain  by  dark  grey  shale,  marks  the  top  of  the  Viking  in  this  well. 
Approximately  10  feet  below  the  top  is  a  thin  band  of  cherty  sandstone. 

The  overall  lithologjr  of  the  formation  is  interbedded  sandstone  and  shale, 
with  clean  sandstone  occurring  in  bands  up  to  4  inches  thick.  The 
sandstones  are  glauconitic  and  contain  thin  bands  and  nodules  of  ironstone. 
The  sandstone  bands  show  small  scale  cross-bedding,  cut-and-fill  structure 
and  animal  burrows.  The  interbedded  shales  are  dark  grey,  silty  to  sandy 
with  traces  of  carbonaceous  material  and  fish  remains. 
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The  thickness  of  the  Viking  formation  is  145  feet  in  the  Texaco 
Majeau  #1  well  (Lsd.  12  Sec.  1  Twp.  57  Rge .  3  W5),  some  six  miles 
east  of  the  study  well  (Andrichuk,  1949),  about  120  feet  in  the  Leduc 
field,  fifty  miles  to  the  southeast  (Layer,  1949),  140  feet  in  the 
Excelsior  field,  forty  miles  to  the  east  (Lill,  1954),  100  feet  at  Armena 
and  105  feet  at  Joseph  Lake  in  the  Joarcam  Viking  field,  sixty  miles  to  the 
southeast  (Stansberry,  1957). 

Windfall  Area 

In  the  Windfall  area  the  Viking,  110  feet  thick,  overlies  16  feet  of 
Joli  Fou  shale  and  is  overlain  by  marine  Colorado  shale •  The  dominant 
lithology  of  the  Viking  is  interbedded  and  interlensed  sandstone  and  shale. 
Toward  the  base  of  the  Viking  formation  occurs  the  main  sandstone 
development— a  fine  to  medium- grained,  slightly  glauconitic  sandstone  with 
bands  and  concretions  of  ironstone.  The  shales  are  dark  grey  to  black  and 
carbonaceous . 

Cynthia  Area 

The  Viking  formation  which  is  poorly  developed  in  the  Cynthia  area, 
is  79  feet  thick  in  California  Standard  Cynthia  -//-16-21,  overlies  16  feet 
of  Joli  Fou  shale  and  is  overlain  by  marine  shales  of  the  Colorado.  A 
2  inch  band  of  "salt  and  pepper"  sandstone  occurring  above  two  J  inch  bands 
of  conglomeratic  sandstone  separated  by  interbedded  sandstone  and  shale, 
is  taken  to  be  the  top  of  the  formation.  The  main  lithology  is  interbedded 
and  interlensed  sandstone5 shale  and  silty  shale.  A  few  of  the  sandstone 
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bands  are  glauconitic  and  siderite  is  a  common  constituent.  Carbonaceous 
and  coaly  fragments,  fish  remains  and  pyrite  are  common. 

Stansberry  (1957)  reported  the  Viking  is  124  feet  thick  in  Imperial 
Norbuck  $2-6  (Lsd.  2  Sec.  6  Twp.  47  Rge.  4  W5),  50  miles  southeast  of 
California  Standard  Cynthia  $16-21. 

Correlation 

The  Viking  formation  of  central  Alberta  is  correlated  with  the  Pelican 
of  the  Athabasca  River  area.  The  Viking  and  Pelican  occupy  a  similar 
stratigraphic  position  and  the  overlying  and  underlying  shales  carry  similar 
microfauna.  Identical  faunas  from  outcrops  and  wells  indicate  contem¬ 
poraneity  between  the  top  of  the  Pelican  sandstone  and  the  Viking  sandstone. 

The  Viking  is  correlated  with  the  Bow  Island  sand  and  overlying  Bow 
Island  chert  of  the  sandy  Blackleaf  member  of  the  Colorado  shale  of  the 
southern  Alberta  plains.  Stelck  (1950)  indicated  that,  although  the  Bow 
Island  sands  are  considered  in  part  to  be  the  same  age  as  the  Viking,  there 
is  some  indication  that  they  range  slightly  higher  in  the  stratigraphic 

column  than  the  top  of  the  Viking  sand  of  the  type  area. 

|  AR  ; 

Stelck  (1958)  suggested  that  the  Paddy  member  of  the  Peace  River 
formation  in  the  Peace  River  area  represents  the  shoreline  phase  of  the 
upper  part  of  the  Joli  Fou  section  plus  an  abbreviated  portion  of  the  Viking 
interval  of  central  Alberta. 
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The  Viking  formation  is  not  present  in  the  central  or  southern 
foothills  region  of  Alberta,  However  Stelclc  (1958),  on  paleontological 
grounds,  has  suggested  that  the  Viking  of  central  Alberta  is  equivalent  to 
part  of  an  erosional  gap  in  the  foothills  succession.  He  stated  that  "this 
gap  in  southern  Alberta  is  the  hiatus  between  the  Upper  and  Lower  Blairmore 
formations  of  the  type  area  and,  in  central  and  western  Alberta  is  the  gap 
between  the  Blackstone  and  the  Mountain  Park  formations 


OR RELATION  OF  VIKING  FORMATION  IN  CENTRAL  ALBFRTA  AND  ADJACENT  AREAS 
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Table  1 
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CHAPTER  III 

Petrology  and  Heavy  Minerals 


Introduction 

Thin  sections  were  prepared  from  diamond  cores  of  the  Viking  formation 
from  the  three  wells  used  in  this  study.  Twenty- seven  thin  sections  were 
prepared  by  Mr.  J.  A.  Donnan,  Technician,  Department  of  Geology,  University 
of  British  Columbia.  With  the  exception  of  two  samples  which  disintegrated 
in  preparation,  all  slides  are  of  good  quality.  Samples  of  sandstone  for 
thin  sectioning  were  selected  approximately  every  ten  feet  throughout  the 
length  of  the  core,  but  more  frequently  as  warranted.  The  locations  of 
thin  sections  prepared  are  found  in  Appendix  D.  A  general  description  of 
the  rocks  from  thin  sections  is  given  below;  detailed  descriptions  will  be 
found  in  Appendix  B. 

General  Description  of  Thin  Sections 

The  grain  size  of  the  rocks  sectioned  ranges  from  coarse  siltstone  to 
fine  pebble  conglomerate,  the  majority  being  fine  to  medium-grained 
sandstones.  The  grain  size  chart  used  was  that  given  by  Williams,  Turner 
and  Gilbert  (1955,  p.  279). 

Sorting  varies  from  poor  to  good.  Mechanical  analyses  of  the  coarser 
sandstones  (see  Chapter  IV )  gave  sorting  coefficients  between  1.16  and  1.85, 
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those  of  a  well  sorted  sediment,  although  these  sandstones  do  contain  some 
argillaceous  matrix. 

Individual  grains  range  from  angular  to  well  rounded,  with  the  majority 
being  subangular  to  subrounded.  Visual  estimation  of  grain  roundness  was 
made  using  the  roundness  diagrams  of  Pettijohn  (1957)  as  an  aid.  There 
does  not  appear  to  be  any  marked  difference  in  the  roundness  of  grains  of 
various  compositions  in  any  one  slide.  Thus,  for  example,  the  roundness 
of  quartz  grains  is  approximately  the  same  as  that  of  the  feldspars. 

Generally  the  grains  are  tightly  packed.  Matrix  material  and  silica 
overgrowths  on  quartz  reduce  porosity  to  less  than  5  per  cent.  However, 
one  sample  from  the  Mid  We  stern  Majeau  #13-6-36  well  (Slide  #3132)  has 
porosity  in  the  order  of  10-15  per  cent. 

Banding,  due  to  alternation  of  grain  size  or  concentration  of  matrix 
material  along  certain  planes  parallel  to  bedding,  was  observed  in  some 
samples.  The  fine-grained  sandstones  from  the  California  Standard  Cynthia 
.-16-21  well,  show  a  preferential  orientation  of  elongate  grains  parallel  to 
bedding • 

Cementation  is  mainly  by  silica  overgrowths  on  quartz  with  secondary 
amounts  of  calcite.  In  no  sample  was  calcite  observed  as  the  only  cementing 
material.  In  two  samples  from  the  Mid  Western  Majeau  #B-6-36  well,  calcite 
predominates  over  siliceous  overgrowths  as  the  cementing  agent,  and  the 
sandstone  shows  a  corresponding  increase  in  porosity. 
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Quartz,  siliceous  rock  fragments  and  argillaceous  rock  fragments  are 
the  main  constituents  of  the  sandstones  of  the  Viking  formation.  Silica 
overgrowths  on  quartz  are  common  and  generally  increase  the  angularity  of 
the  grains.  Rounded  overgrowths  were  also  noted.  The  contact  between  the 
cores  and  silica  overgrowths  is  marked  by  a  zone  of  fine  opaque  inclusions. 
The  siliceous  rock  fragments  include  chert,  siliceous  volcanics  and  minor 
amounts  of  quartzite.  The  chert  pebbles  are  subrounded  to  rounded, 
indicating  a  long  abrasional  history.  Siliceous  rock  fragments,  mainly 
chert,  make  up  the  pebble  conglomerate  at  the  top  of  the  Viking  sandstone 
in  the  California  Standard  Cynthia  $16-21  well.  The  argillaceous  rock 
fragments,  mainly  argillite,  shale  and  metamorphic  fragments,  are  minor 
constituents  of  the  Viking  sandstone • 

Illitic  clay  material  and  fine  quartz  silt  generally  make  up  the 
matrix.  Siderite,  which  is  of  local  occurrence,  often  cuts  across  bedding 
planes  or  occurs  concentrated  in  isolated  pockets. 

Glauconite  occurs  in  grains  of  about  the  same  size  as  the  detrital 
material.  The  glauconite  from  one  horizon  in  the  Mid  Western  Majeau 

$B-6-36  was  concentrated  for  potassium-argon  age  determinations  (see 

||S 

Chapter  VI ) . 

Feldspar  is  present  in  very  minor  amounts  in  a  few  samples. 

Authigenic  pyrite  is  present  in  minor  amounts,  and  in  some  cases 
appears  to  replace  the  siliceous  rock  fragments.  Traces  of  tourmaline, 
zircon  and  other  accessory  heavy  minerals  were  observed. 
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Heavy  Minerals 

Twenty- two  heavy  mineral  mounts  from  diamond  cores  of  the  Viking 
formation  were  studied.  Fifteen  samples  were  taken  from  cores  of  the 
Mid  Western  Majeau  #B-6-36  well,  three  from  Fina  et  al  Windfall  #7-8, 
and  four  from  California  Standard  Cynthia  #16-21.  The  locations  of  the 
heavy  mineral  samples  are  given  in  Appendix  C.  Samples  were  selected 
approximately  every  ten  feet  throughout  the  cored  intervals,  but  more 
frequently  when  warranted  by  changes  in  the  character  of  the  sandstone.  The 
samples  were  disaggregated  by  means  of  a  Braun  Type  UA  pulverizer  and 
sieved  for  fifteen  minutes  on  a  Tyler  Ro-Tap  Sieve  shaker,  using  8  inch 
U.S.  Standard  Sieves  of  the  following  meshs  60,  80,  100,  120,  140,  170, 

200  and  230.  Because  of  the  paucity  of  heavy  accessory  minerals  in  the 
Viking  formation,  all  sieve  fractions  between  80  and  230  mesh  were  used. 

Tetrabromoe thane,  having  a  specific  gravity  of  2.950  at  20°  C  was  used 
to  separate  the  heavy  accessory  minerals  from  the  light  material.  The 
conventional  two  funnel  apparatus  was  used.  Each  separation  was  left  for 
twenty  minutes,  with  occasional  stirring,  to  ensure  complete  separation. 

Both  the  light  and  heavy  minerals  were  washed  with  acetone  and  dried  in  an 
electric  oven  at  100°  F. 

Before'  the  heavy  minerals  were  mounted  in  araclor  (n=1.66)  a  hand 
magnet  was  used  to  remove  all  iron  filings  and  any  other  magnetic  material 
present.  It  was  assumed  that  all  magnetite  was  removed  by  the  hand  magnet. 
Binocular  examination  of  the  hand  magnet  sample  confirmed  the  presence  of 
a  little  magnetite  in  twelve  of  the  twenty-two  samples  (see  Table  2). 
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Examination  of  the  slides  was  made  using  a  Leitz  Petrographic 
microscope.  Both  reflected  and  transmitted  light  were  used  in  the 
identification  of  the  opaque  and  non-opaque  heavy  minerals. 

Using  a  Leitz  Mechanical  Counter,  traverses  were  made  across  each 
slide  and  in  excess  of  two  hundred  opaque  and  non-opaque  grains  per  slide 
were  identified  and  recorded.  If  the  total  number  of  grains  identified 
was  less  than  one  hundred,  as  was  the  case  when  rock  fragments  became 
dominant,  the  writer  felt  that  a  statistical  count  was  not  significant  and 
only  the  presence  of  the  various  heavy  mineral  species  was  recorded. 

The  percentage  of  each  heavy  mineral  species  present  in  each  slide  is 
tabulated  in  Table  2.  The  percentage  of  opaque  and  non-opaque  minerals  in 
each  slide  is  also  incorporated  in  the  table. 

Photomicrographs  of  some  of  the  heavy  minerals  present  in  the  Viking 
formation  are  shown  in  Plates  1,  2,  39  and  U. 

The  following  heavy  accessory  minerals  were  identified. 


Non-opaque 

Opaque 

Apatite 

Ilmenite 

Cassiterite 

Leucoxene 

Cellophane 

Magnetite 

Corundum 

Dahlite 

Garnet 

Rutile 

Sphene 

Tourmaline 

Zircon 

Pyrite 

. 
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Description  of  Opaque  Heavy  Minerals 

Ilmenite:  The  presence  of  ilmenite  was  noted  in  all  samples  and, 
in  some  cases,  it  outranked  pyrite  as  the  dominant  opaque  heavy  mineral . 
Irregular  to  well  rounded,  the  grains  appear  dark  brown  to  black  in  reflected 
light.  Ilmenite  is  distinguished  from  magnetite  by  its  lesser  magnetism 
and  association  with  the  alteration  product  leucoxene . 

Leucoxene:  Leucoxene  appears  white  in  reflected  light  and  was 
identified  only  as  an  alteration  product  in  association  with  ilmenite. 

■Magnetite:  Magnetite  appears  black  in  reflected  light.  Extremely 
well  rounded  grains  and  worn  octahedra  showing  remnants  of  crystal  faces 
were  observed  in  a  binocular  examination  of  the  hand  magnet  samples. 

Pyrite:  Pyrite  is  the  most  common  opaque  heavy  mineral.  In  reflected 
light,  it  appears  brass  yellow  with  a  metallic  luster,  occurring  most 
commonly  as  irregular  grains.  Globular  to  irregular  aggregates  and  clusters 
of  globules  as  -well  as  replaced  microfossils  and  plant  material  were  also 
observed . 

Description  on  Non-opaque  Heavy  Minerals 

Apatite :  Apatite  is  colorless  and  occurs  as  worn,  elongate  prismatic 
and  stubby  prismatic  grains  and  as  grains  oval  or  nearly  circular  in  plan. 
Inclusions  present  are  opaque,  irregular  in  outline  and  often  arranged  in 
rows.  The  mineral  is  characterized  by  its  low  birefringence  and  the 
uniaxial  negative  figure  of  the  basal  sections . 
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Cassiterite:  Only  three  grains  of  cassiterite  were  observed  in  the 
twenty- two  slides  studied.  It  occurs  as  colorless,  slightly  worn,  euhedral 
grains.  Although  no  figure  could  be  obtained,  identification  was  based  on 
high  refractive  index,  pastel  interference  colors  and  striations  present  on 
prism  faces  oblique  to  the  vertical  axis  (see  Krumbein  and  Pettijohn,  1938, 
Fig.  214,  p.  424). 

Collophane:  Light  to  dark  brown,  yellowish  brown  and  grey  in  color, 
the  fragments  of  collophane  are  generally  irregular  but  occasionally  well 
rounded.  The  mineral  is  usually  isotropic. 

Corundum:  Corundum  occurs  as  pale  blue,  angular  grains,  exhibiting 
high  relief^  it  is  characterized  by  its  color,  high  refractive  index  and 
low  birefringence. 

Dahlite :  Dahlite  occurs  as  brown,  irregular,  somewhat  elongate 
fragments,  the  central  parts  of  which  often  appear  opaque.  Dahlite  exhibits 
low,  first  order  interference  colors  and  often  shows  undulatory  extinction. 
It  is  distinguished  from  collophane  by  more  birefringence  and  from  apatite 
by  its  brown  color. 

Garnet :  Garnet  occurs  as  colorless,  pale  pink  and  pale  yellow, 
angular,  irregular  grains,  bounded  by  conchoidal  fracture  surfaces.  Two 
pale  yellow,  euhedral,  grains  were  also  noted.  Percussion  marks  and  pitted 
surfaces  were  noted  on  some  grains.  Inclusions  are  rare.  Garnet  is 
characterized  by  its  high  relief,  isotropism,  conchoidal  fracture  and 
rather  fresh  appearance. 
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Rutile:  Rutile  is  generally  deep  red-brown  in  color,  nearly  opaque. 

A  few  yellow-brown  grains  are  also  present.  Irregular  grains  are  most 
common  but  a  few  subangular  and  subrcunded  varieties  were  also  observed. 
Rutile  is  characterized  by  its  high  relief,  deep  color  and  high 
birefringence.  It  shows  the  same  color  between  crossed  nicols  as  in 
ordinary  light,  owing  to  its  extreme  birefringence. 

Sphene ;  Sphene  occurs  as  light  brown,  irregular  to  subhedral  grains, 
exhibiting  the  same  colors  between  crossed  nicols  as  in  ordinary  light. 

It  is  characterized  by  high  index  of  refraction,  extreme  birefringence  and 
commonly  incomplete  extinction  resulting  from  dispersion. 

Tourmaline :  Tourmaline,  appearing  in  twenty-one  of  the  twenty- two 
slides  studied,  is  the  most  abundant  heavy  mineral  species,  usually  present 
in  amounts  in  excess  of  15>  per  cent  of  the  heavy  mineral  fraction.  The 
predominant  colors  are  green,  brown  and  yellow,  but  lesser  numbers  of 
colorless,  pink,  blue  and  dark  grains  occur.  Colored  species  are  strongly 
pleochroic.  The  predominant  types  are  yellow  pleochroic  to  dark  brown  and 
black,  pink  pleochroic  to  dark  green  and  black  and  green  pleochroic  to 
darker  green.  Grains  are  either  well  rounded,  elongate  prismatic  with 
rounded  terminations  or  irregularly  fractured  fragments.  Inclusions  of 
opaque  and  non-opaque  minerals  are  common  and,  in  prismatic  grains,  often 
show  alignment  parallel  to  the  length  of  the  grain.  Clear,  rounded 
overgrowths  were  observed  on  several  grains. 
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Zircon:  Zircon  ranks  second  to  tourmalino  in  abundance  as  an 
accessory  heavy  mineral  in  the  sandstones  of  the  Viking  formation.  The 
mineral  is  almost  always  colorless  but  a  few  yellow-brown  and  purple 
(hyacinth)  grains  were  observed.  Euhedral,  subhedral,  irregular,  elongate, 
rounded  and  well-rounded  grains  are  common.  Generally,  the  hyacinth  zircons 
are  well  rounded  and  suggest  more  than  one  cycle  of  erosion.  Some  grains 
show  well-defined  zoning.  Opaque  and  non-opaque  mineral  inclusions  and  some 
liquid  inclusions  occur  sparingly.  Zircon  is  characterized  by  its  high 
index  of  refraction  and  crystal  form. 
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AT  I  ON  OF  HEAVY  MINERAL  DATA 


T=LESS  THAN  1% 

P=  PRESENT  (STATISTICAL  COUNT  INSIGNIFICANT) 


Table  2. 
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CHAPTER  IV 

Mechanical  Analyses 


General  Statement 

Mechanical  analyses  were  performed  on  six  samples  of  sandstone  from 
the  Viking  formation.  Five  samples  were  from  diamond  cores  of  the  Mid 
Western  Majeau  #B-6-36  well  and  one  sample  was  from  the  Fina  et  al 
Windfall  #7-8  well.  Because  of  strong  silica  cementation  in  the  sandstones 
in  the  California  Standard  Cynthia  #16-21  well,  mechanical  analyses  were 
not  undertaken. 

Cross-laminated  sandstones  and  interbedded  sandstones  and  shales  were 
not  sampled  as  these  do  not  represent  single  sedimentation  units  suitable 
for  mechanical  analyses. 

Results  were  tabulated  only  down  to  the  size  fraction  that  was 
retained  on  a  230  mesh  (U.S.  Sieve  Series)  screen.  The  smallest  size 
fraction  investigated  was  limited  by  the  availability  of  screens. 

Procedure 

Sufficient  sample  to  yield  in  excess  of  100  grams  was  selected. 

Samples  were  run  twice  through  a  jaw  crusher  and  twice  through  a  Braun 
Type  UA  pulverizer  to  avoid  breaking  individual  grains. 
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The  disaggregated  samples  were  screened  for  fifteen  minutes  on  a 
Tyler  Ro-Tap  Sieve  Shaker  using  eight  inch  U.S.  Standard  sieves  of  the 
following  dimensions. 


U.S.  Sieve  Series 
Mesh  ho. 

60 

80 

100 

120 

140 

170 

200 

230 


Sieve  Opening 
mm. 

0.210 

0.177 

0.149 

0.125 

0.105 

0.088 

0.074 

0.062 


The  weight  percentage  of  the  total  sample  retained  on  each  screen 
was  calculated  and  plotted  in  the  form  of  a  histogram  (see  Figs.  2,  3, 
and  4).  Cumulative  weight  percentages  were  also  calculated  and  plotted 
as  cumulative  curves  (see  Fig.  5  and  6). 

Histograms 

The  histograms  were  plotted  using  the  Wentworth  Grade  Scale  as  the 
abscissa  and  the  weight  percentages  as  the  ordinate.  The  cross-hatched 
bar  represents  the  weight  per  cent  of  material  that  passed  through  the 
230  mesh  screen  (i.e.  smaller  than  0.062  mm.  in  diameter). 
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Figure  4 
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Cumulative  Curves 

Cumulative  curves  have  been  drawn  for  each  of  the  six  samples.  The 
diameters  were  plotted  along  the  abscissa  and  the  cumulative  weight 
percentages  along  the  ordinate  axis.  To  avoid  confusion  only  three  curves 


were  plotted  on  each  graph  (Figs.  5  and  6). 


In  Table  3,  the  median  size  and  the  first  and  third  quartile s  were 
obtained  directly  from  the  cumulative  curves.  The  coefficient  of  sorting 
was  obtained  for  all  the  samples  using  the  equation: 


Coefficient  of  Sorting  (So) 


where  Q3  =  Third  Quartile  (25^) 

Ql  =  First  Quartile  (75 %) 


The  coefficient  of  sorting  is  essentially  a  measure  of  the  spread 
of  a  cumulative  curve.  A  curve  that  is  well  spread  out  indicates  poor 
sorting  and  would  have  a  large  value  of  So.  Sorting  in  sediments  has  been 
defined  by  Trask  (Pettijohn  1957,  p.  37)  according  to  So  values  as 
follows : 


Well  sorted:  So  less  than  2.5 


Normally  sorted:  So  approximately  3.0 


Poorly  sorted:  So  greater  than  4.5 
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Figure  5 
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CUMULATIVE  CURVES  SAMPLES  4.5S6 


Diameter  in  mm. 


Figure  6 
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Table  3  Data  obtained  from  Cumulative  curves. 


Sample 

No. 

Well 

Depth 

(feet) 

Md. 

mm. 

Q1 

mm. 

Q3 

mm. 

So 

1 

Windfall  #7-8 

5178.5 

0.112 

0.070 

0.131 

1.37 

2 

Majeau  #B-6-36 

31*59 

0.086 

0.035 

0.120 

1.85 

3 

Majeau  #B-6-36 

31*61*.  7 

0.108 

0.050 

0.125 

1.58 

u 

Majeau  #B-6-36 

3U77.7 

0.115 

0.076 

0.123 

1.27 

5 

Majeau  # B-6-36 

31*86.6 

0.125 

0.110 

0.152 

1.17 

6 

Majeau  #B-6-36 

31*97.3 

0.131 

0.118 

0.158 

1.16 

Interpretation 
(a)  Histograms 

The  histograms  of  each  of  the  six  samples  shows  a  bimodal  size 
distribution.  Lack  of  0.105-0.088  mm.  material  and  a  concentration 
of  material  (except  in  samples  5  and  6)  in  the  0.125-0.105  mm.  range 
causes  bimodality. 

It  has  been  stated  by  Mitscherlich  (Krumbein  and  Petti john,  1938, 
p.  12U)  that  sieves  sort  grains  not  only  according  to  size  but  also 
according  to  shape.  The  largest  sphere  that  can  pass  through  a  given 
sieve  has  a  diameter  equal  to  the  mesh,  whereas  an  elongate  grain  of  any 
length  theoretically  can  pass  through  the  sieve,  providing  only  that  its 
two  smaller  dimensions  are  less  than  the  minimum  dimensions  of  the  mesh. 
Binocular  examination  of  the  disaggregated  samples  did  not  reveal  an 
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unusual  amount  of  elongate  grains  which  would  tend  to  accumulate  on  the 
140  mesh  screen.  Examination  of  thin  sections  did  not  indicate  a  paucity 
of  material  in  the  0.105  to  0.088  mm.  range. 

The  significance  of  the  bimodal  size  distribution  is  not  readily 
understood.  Histograms  and  frequency  curves  for  a  crushed  homogenous  rock 
show  unimodal  size  distribution  and  it  is  felt  that  the  mechanical 
disaggregation  was  not  at  fault. 

The  author  is  aware  of  two  possible  explanations  for  the  bimodal 
size  distribution  in  the  Viking  sandstone. 

(1)  The  Viking  depositional  site  may  have  been  receiving  material  from 
two  source  areas.  Material  coming  from  each  area  would  in  itself  be  unimodal 
but  mixing  at  the  depositional  site  by  wave  or  current  action  results  in 

a  bimodal  size  distribution. 

(2)  Petti john  (1957,  pp.  47-51)  called  attention  to  the  fact  that 
certain  grade  sizes  (including  the  0.125-0.062  mm.  range)  are  statistically 
less  common  in  sediments.  This  may  be  due  to  a  primary  deficiency  in  these 
grade  sizes.  In  a  particular  deposit,  however,  the  deficiency  could  be  the 
result  of  sorting.  Significantly  larger  and  smaller  grain  sizes  both 
require  greater  velocities  to  move  them  by  traction  along  the  bottom,  so 

the  grade  size  in  question  might  be  preferentially  removed  by  current  action. 

(b)  Cumulative  Curves 

The  bimodal  size  distribution  of  material  causes  a  plateau  in  the 
otherwise  smooth  cumulative  curves. 
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The  coefficient  of  sorting  as  calculated  from  the  formula  given  on 
page  27,  ranges  from  1*16  to  1*85,  which  indicates  a  well  sorted  sediment* 
Pettijohn  (1957,  p.  37)  points  out  that  most  near-shore  marine  sediments  of 
the  sand  grade  have  sorting  coefficients  between  1*0  and  2.0,  with  1.45 
as  the  average • 
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CHAPTER  V 


P rovenance  and  Environment  of  Deposition 


Provenance 

The  opaque  and  non-opaque  heavy  mineral  assemblage  of  the  Viking 
sandstone  was  derived  from  igneous,  metamorphic  and  sedimentary  sources. 
Pre-existing  sediments  appear  to  have  been  the  main  source,  although 
igneous  and  metamorphic  rocks  have  also  made  some  contribution. 

Tourmaline  is  the  most  abundant  non-opaque  heavy  mineral  species 
in  the  Viking  sandstone.  The  occurrence  and  significance  of  tourmaline 
as  a  detrital  mineral  has  been  summarized  by  Krynine  (1946)  who  outlined 
five  main  sources  of  sedimentary  tourmaline. 

(1)  Granitic  tourmaline:  dark  brown,  green  or  pink  with  numerous 
inclusions . 

(2)  Pegmatitic  tourmaline:  blue  with  pleochroism  in  shades  of  mauve 
and  lavender,  inclusions  being  rare. 

(3)  Tourmaline  from  metamorphic  terranes:  in  pegmatized  sandstone, 
pale  to  deep  brown,  poor  in  inclusions;  in  slates  and  phyllites, 
colorless  to  very  pale  brown,  black  carbonaceous  inclusions 
common. 

(4)  Sedimentary  authigenic  tourmaline:  colorless  overgrowths  which 
show  polar  development  at  one  end  of  the  ”Cn  axis.  Colorless 
overgrowths  on  brown,  blue,  green  or  yellow  cores. 
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(5)  Reworked  tourmaline  from  older  sediments, 

Krynine’s  first  four  classes  include  the  various  varieties  of 
primary  tourmaline  which,  upon  erosion  of  the  parent  rock,  appear  in 
sediments  as  first  cycle  detrital  grains. 

The  tourmaline  in  the  Viking  sandstone  is  subrounded  to  well-rounded 
and  since  tourmaline  is  ultra-resistant  to  both  chemical  and  mechanical 
destruction,  it  would  appear  that  it  is  at  least  second  cycle.  The 
original  primary  sources  of  most  of  this  tourmaline  were  granitic  and 
metamorphic  rocks • 

possible 

With  the /exception  of  apatite,  the  euhedral,  subhedral  and  angular 
zircon  grains  are  the  only  indicators  of  an  igneous  source  for  part  of 
the  Viking  sediment.  Sphene,  rutile,  ilmenite  and  magnetite  have  also 
had  an  original  igneous  source  but  the  rounded  nature  of  the  grains 
suggests  that  they  are  not  first  cycle  and  have  had  an  intermediate  source 
in  pre-existing  sedimentary  rocks.  The  rounded  and  elongate  elliptical 
grains  of  zircon  apparently  have  come  from  reworked  sediments.  The 
hyacinth  varieties  are  extremely  well-rounded  and  apparently  are  multi¬ 
cycle  . 

There  is  the  possibility  that  at  least  some  of  the  euhedral,  sub¬ 
hedral  and  angular  zircon  grains  are  of  volcanic  origin.  However, 
Poldervaart  (1956)  described  the  various  types  of  granitic  zircon,  and 
it  would  appear  that  all  the  types  of  euhedral  zircon  found  in  the 
Viking  heavy  mineral  suite  could  belong  to  this  group. 


35 


Apatite  present  in  the  Viking  sandstone  has  had  an  original  igneous 
source.  The  grains  range  from  slightly  rounded  to  well-rounded  and 
even  those  grains  which  have  retained  their  original  prismatic  habit  show 
some  modification  in  shape.  The  writer  believes  that  the  apatite  present 
in  the  Viking  is  second  cycle. 

Collophane  and  dahlite  are  common  minerals  in  the  Viking.  Dahlite 
occurs  as  a  secondary  mineral  in  phosphatic  rocks.  Sources  of  collophane 
are  sedimentary  phosphatic  limestones  and  phosphatic  nodules.  Krumbein 
and  Petti john  (1938,  p.  424)  state  that  collophane  crystallizes  to  dahlite. 

Generally  the  collophane  and  dahlite  in  the  Viking  are  sub angular, 
indicating  a  certain  amount  of  transportation.  The  basal  beds  of  the 
Jurassic  Feraie  contain  phosphatic  nodules  and  may  be  a  source  of  some 
of  the  collophane.  However,  it  may  not  be  necessary  to  go  beyond  the 
depositional  basin  for  a  source  of  the  collophane.  The  numerous  fish 
bones  and  fragments  in  the  Viking  would  provide  an  ample  source  for  the 
collophane  and  dahlite,  and  reworking  of  the  sediment  by  wave  or  animal 
action  would  be  sufficient  to  produce  the  small  amount  of  rounding  that 
is  noted.  If  however,  the  phosphate  could  be  traced  to  the  Femie  formation 
it  would  have  important  pale ©geographic  implications. 

A  metamorphic  source  is  postulated  for  the  garnet  present  in  the 
Viking  heavy  mineral  suite.  The  garnet  is  generally  angular,  bounded 
by  sharp  fracture  surfaces  and  shows  little  rounding.  A  few  euhedral 
grains  were  also  noted.  Other  metamorphic  minerals  are  absent  in  the 
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heavy  mineral  suite,  Waddell  (1957)  noted  that  in  addition  to  zircon  and 
tourmaline,  the  metamorphic  minerals  garnet  and  staurolite  form  a  large 
oart  of  the  Paddy  heavy  mineral  suite.  It  is  possible  that  interstratal 
solutions,  present  in  the  more  porous  sandstones  of  the  Viking  have 
removed  metamorphic  minerals  other  than  garnet.  Staurolite  is  less  stable 
than  garnet  in  interstratal  solutions.  However,  the  writer  feels  that 
the  presence  of  staurolite  in  the  Paddy  more  likely  represents  an 
additional  source. 

Thin  section  observations  indicate  that  much  of  the  quartz  present 
had  an  original  metamorphic  source.  However,  due  to  silica  overgrowths 
it  is  difficult  to  determine  the  amount  of  rounding  the  quartz  has  undergone. 
Only  in  a  few  instances  is  it  possible  to  distinguish  the  contact  between 
the  quartz  cores  and  overgrowths,  the  contact  being  marked  by  a  zone 
of  fine  opaque  inclusions.  A  few  grains  showing  rounded  overgrowths  on 
rounded  cores  were  observed.  It  is  possible  that  much  of  the  sand  size 
Quartz  in  the  Viking  has  been  derived  from  pre-existing  sedimentary  rocks, 
and  after  deposition  silica  cementation  has  greatly  increased  the  angularity 
of  the  grains • 

The  chert  grains  and  pebbles  in  the  Viking  are  generally  well-rounded, 
indicating  a  long  abrasional  history  or  reworking  from  older  sediments. 

Feldspar  is  rare  in  the  Viking  sandstone  and  when  present  is  badly 
altered.  Feldspar  is  fairly  resistant  to  transportation  and  interstratal 
solutions  but  is  subject  to  removal  by  weathering  at  the  source  area. 
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In  a  low  lying  source  area  where  weathering  continued  for  long  periods 
of  time  most  of  the  feldspar  would  tend  to  be  removed.  If  the 
predominant  source  of  the  Viking  sediments  is  from  sedimentary  material 
it  seems  likely  that  most  of  the  feldspar  would  be  removed  during  the 
two  weathering  periods. 

Although  most  of  the  pyrite  in  the  Viking  is  considered  to  be 
authigenic,  a  few  cubes  and  clusters  of  globules  appear  worn  and  may 
be  detrital. 

Bentonite  ash  beds  in  the  Viking  have  been  mentioned  by  Gammell 
(1955)  and  Stansberry  (1957).  These  bentonite  beds  represent  a  period 
of  volcanic  activity  that  occurred  about  mid-Cretaceous  (Crowsnest 
Volcanics)  time.  Stansberry  noted  however,  that  the  Crowsnest  Volcanics 
heavy  mineral  suite  contains  a  high  concentration  of  sphene  and  little  or 
no  zircon.  He  stated  further  that  zircon  was  fairly  common  and  sphene 
rare  or  absent  in  a  heavy  mineral  separate  from  a  Viking  bentonite  ash 
bed  in  the  Armena  field. 

It  is  generally  agreed  that  the  principal  source  of  the  Viking 
sediments  lay  to  the  west.  Stelck  (1958)  has  noted  that  the  erosional 
gap  between  the  Upper  and  Lower  Blairmore  formations  of  the  foothills 
region  of  southern  Alberta  "provides  proximate  and  adequate  source  for 
the  sands  of  the  Viking  formation."  The  idea  of  a  western  source  is 
based  on  the  fact  that  (l)  the  Viking  sediments  shale  out  in  an  easterly 
direction,  (2)  the  sediments  become  somewhat  coarser  as  the  foothills 
region  is  approached  and  (3)  they  contain  abundant  well-rounded  chert. 
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which  is  apparently  second  cycle  and  has  been  derived  from  pre-existing 
Mesozoic  rocks. 

Although  pre-existing  sedimentary  rocks  appear  to  have  been  a  major 
source  of  the  Viking  sediments,  heavy  minerals,  resistant  to  mechanical 
and  chemical  breakdown,  indicate  a  minor  contribution  from  igneous  and 
metamorphic  source  terranes. 

Environment  of  Deposition 

Glauconite  is  a  common  constituent  of  the  Viking  sandstone.  Cloud 
(1955)  has  outlined  the  following  limiting  factors  for  glauconite  formation 

(1)  Salinity  -  normal  sea  water  seems  necessary. 

(2)  Oxygenation  and  organic  content  of  bottom  sediments  -  moderately 
anaerobic  environment  is  essential. 

(3)  Depth  -  water  of  shallow  to  moderate  depths,  formation  seems  to 
be  favored  in  the  upper  part  of  the  10  to  400  fathom  interval. 

(4)  Temperature  -  waters  that  are  not  markedly  warm  favor  glauconite 
formation. 

(5)  Sedimentary  influx  -  a  slow  rate  of  detrital  influx  is  favorable. 

Cloud  also  noted  that  glauconite  commonly  forms  either  above  or  below  the 
depositional  interface,  under  slightly  reducing  conditions  which  may  be 
seasonal,  cyclic  or  intermittent,  which  may  in  turn  lead  to  seasonal, 
cyclic,  intermittent  or  local  glauconite  formation. 


Siderite  and  pyrite  are  common  in  the  Viking  formation.  Krumbein 
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and  Garrels  (1952)  noted  the  restricting;  influence  of  Eh  (oxidation- 
reduction  potential)  and  pH  (acidity-alkalinity)  on  the  formation  of 
chemical  sediments.  They  noted  that  siderite  and  organic  matter,  with 
lesser  amounts  of  glauconite,  should  occur  together  as  the  most  abundant 
material  formed  in  an  environment  with  pH  of  7.0  to  7.8  (alkaline  but 
more  acid  than  normal  marine)  and  Eh  of  0.0  to  -0.2  (reducing).  If  the 
pH  remains  between  7.0  and  7.8  and  the  Eh  drops  below  -0.2  then  pyrite 
is  the  dominant  mineral  formed. 

The  glauconite  in  the  Viking  is  often  associated  with  bands  of 
siderite  and  thin  laminae  of  black  pyritic  shale.  It  thus  appears 
that  during  periods  of  slow  detrital  influx  the  bottom  environment  was 
slightly  reducing  and  intermittently  the  Eh  was  sufficiently  low  to 
favor  the  formation  of  pyrite. 

The  foraminiferal  assemblage  of  the  Viking  formation,  as  noted  by 
Stansberry  (1957)  suggests  deposition  in  a  shallow  bay  or  sound.  He 
stated  that  the  absence  of  calcareous  forms  excludes  normal  gulf  or 
pelagic  deposition,  a  fact  that  implies  the  presence  of  a  shallow  land¬ 
locked  sea  or  embayment  during  the  deposition  of  Viking  sediments.  The 
absence  of  calcareous  forms  may  be  explained  by  low  pH  (possibly  near 
neutral)  and  lack  of  a  carbonate  source  area  contributing  to  the  depositional 
site . 


During  a  slight  regression  of  the  Joli  Fou  sea  the  Viking  sediments 


were  deposited  in  shallow  water,  with  constant  reworking  by  wave  and 
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animal  action.  Hunt  (1954)  suggests  a  depth  of  50-75  feet  for  the  Viking 
sea,  which  was  receiving  sediments  rather  slowly.  Coarse  sand  was  moved 
and  reworked  by  bottom  currents,  with  horizontal  bedding  controlled  by 
deep  wave  action.  Gammell  (1955)  suggests  that  currents  in  a  rather 
shallow  sea  played  an  important  part  in  moulding  the  sand  into  bars. 


The  lithology  of  the  Viking  however,  indicates  to  the  writer  a 
shallower  depth  of  water  than  that  postulated  by  Hunt.  The  sedimentary 
features  of  the  Viking  are  worthy  of  mention  and  include: 

(1)  Fluvatile  cross-bedding.  Cross-bedding  on  the  scale  |  to  1  inch, 
probably  formed  by  current  action  in  a  bar  or  beach  environment. 
See  PI.  5,  fig.  2,  PI.  7,  fig.  2. 

(2)  Banding  due  to  an  alternation  of  sandstone  and  thin  laminae  of 
carbonaceous  shale.  See  PI.  6,  fig.  4,  PI.  9,  fig.  1. 

(3)  Animal  burrows  are  common  and  assume  a  vertical  or  slightly 
inclined  position.  The  material  with  which  they  are  filled 
contrasts  strongly  with  the  surrounding  sediment.  See  PI.  8, 
fig.  1,  PI.  10,  fig.  5. 

(4)  Load  casts.  These  resulted  when  currents  dumped  sand  on  the 
underlying  soft  unconsolidated  muds,  causing  depressions.  The 
depressions  are  filled  with  sandstone  which  shows  continuity  with 
the  overlying  banded  sandstone.  See  PI.  5,  fig.  5. 

(5)  Graded  bedding.  nSalt  and  pepper”  sandstone  that  shows  size 
grading,  from  coarsest  at  the  base  to  finest  at  the  top  of  the 
bed.  See  PI.  6,  fig.  1. 
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(6)  Lag  conglomerates.  The  conglomerate  at  the  top  of  the  Viking 
may  indicate  a  lag  deposit  in  which  the  finer  material  has 
been  winnowed  out  by  wave  action  and  the  chert  pebbles  con¬ 
centrated  at  the  top  of  the  sandstone.  See  PI.  5,  fig*  1. 

(7)  Irregularly  reworked  sandstone  and  shale.  The  Viking  formation 
contains  ganoid  fish  scales  and  fragments,  somewhat  similar 

to  the  present  day  bottom- dwelling  sturgeon.  It  seems 
possible  to  the  writer  that  these  bottom- dwelling  fish, 
present  in  the  Viking  sea,  and  feeding  on  the  burrowing 
animals  would  disturb  the  unconsolidated  sediments  and 
leave  them  in  the  form  seen  preserved  in  diamond  cores  today. 
The  irregular  nature  of  the  bedding  cannot  be  explained 
satisfactorily  by  wave  or  current  action  and  the  scale  of 
the  reworking  probably  eliminates  burrowing  animals  as  a 
possibility.  See  PI.  5,  fig.  1,  PI.  6,  fig.  2,  PI.  7, 
fig.  3. 


Many  of  the  sedimentary  features  of  the  Viking  closely  resemble 
those  of  a  tidal  flat  deposit.  Load  casts,  animal  burrows,  irregularly 
reworked  sandstone  and  shale  and  small  scale  cross-bedding  are  features 
of  the  Viking  formation  that  resemble  those  of  a  tidal  flat  deposit. 

The  writer  feels  that  the  Viking  was  probably  deposited  in  shallow 
water  near  shore  and  present  producing  trends  represent  sands  that 
have  been  winnowed  and  reworked  by  wave  action  to  form  bars  in  the 
shallow  water  offshore. 
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Summary  and  Conclusions 

The  petrology  and  heavy  minerals  of  the  Viking  formation  suggest  that 
pre-existing  sedimentary  rocks  were  the  main  contributors  to  the  Viking 
deoositional  site.  Well-rounded  tourmaline,  zircon,  chert  and  quartz 
grains  are  multi-cycle.  Rutile,  sphene,  magnetite,  ilmenite  and  apatite 
show  a  lesser  degree  of  rounding  and  are  considered  to  be  second  cycle. 

The  euhedral  zircon  present  is  the  only  good  indicator  of  an  igneous 
source  for  part  of  the  Viking  sediments.  The  presence  of  fresh,  angular 
and  euhedral  garnet  indicates  a  minor  contribution  from  metamorphic  terrane. 

Collophane  and  dahlite  were  probably  formed  within  the  depositional 
basin  and  the  writer  believes  that  the  abundant  fish  fragments  present  in 
the  Viking  could  have  supplied  the  phosphatic  material  necessary  for  their 
formation. 

The  sedimentary  features  of  the  Viking  formation  suggest  deposition 
in  very  shallow  water.  Load  casts,  animal  burrows,  small  scale  cross¬ 
bedding  and  strongly  reworked  sandstone  and  shale  are  features  that  show- 
some  resemblance  to  those  of  a  tidal  flat  or  lagoon  which  is  protected 
from  strong  wave  action  by  sand  bars  built  up  off  shore. 

The  presence  of  glauconite  and  siderite,  often  associated  with  thin 
bands  of  black  pyritic  shale  suggest  deposition  took  place,  at  least 
periodically,  under  slightly  reducing  conditions  while  the  rate  of 
sedimentary  influx  was  slow. 
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A  slight  uplift  in  the  highlands  to  the  southwest  and  the  ensuing 
erosion  of  pre-existing  sediments  contributed  detritus  to  the  shallow 
Viking  sea.  Minor  amounts  of  stable  igneous  and  metamorphic  minerals 
may  have  been  brought  to  the  depositional  site  by  rivers  draining  an  area 
farther  to  the  west  and  possibly  northwest. 

The  depositional  features  and  chemical  sediments  indicate  deposition 
in  shallow  water,  with  reworking  by  current  and  animal  action.  Winnowing 
and  sorting  of  the  sand  into  off-shore  bars  by  wave  and  current  action 
provided  a  suitable  trap  for  later  hydrocarbon  accumulations. 
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CHAPTER  VI 


Geochronology 


Introduction 

A  potassium- argon  age  determination  of  a  glauconite  concentrate  from 
the  Viking  sandstone  was  undertaken  in  an  attempt  to  correlate  recent 
age  determinations  of  the  formation  from  other  areas  in  Alberta. 

Collection  and  Preparation  of  Material 

Glauconite  was  collected  from  a  diamond  core  of  the  Mid  Western 
Majeau  $33-6-36  well  at  a  depth  of  3503  feet,  approximately  100  feet  below 
the  top  of  the  Viking  sand.  The  material  that  passed  through  the  60 
mesh  screen  (tJ.S.  Standard  Sieve  Series)  and  was  retained  on  a  230  mesh 
screen  was  used.  Highly  magnetic  material  was  removed  by  a  hand  magnet* 

The  sample  was  separated  into  different  magnetic  fractions  with  a 
Frantz  Isodynamic  Magnetic  Separator.  The  setting  of  the  Frantz  separator 
was  constant  at  a  slope  of  15  degrees  and  a  tilt  of  8  degrees.  A  current 
strength  of  0*5  amps  removed  all  material  more  magnetic  than  glauconite. 

A  second  separation,  using  a  current  strength  of  0.65  amps  separated  the 
glauconite  from  the  quartz,  feldspar  etc.  The  above  procedure  was  repeated 
several  times  to  obtain  a  purified  sample . 

After  magnetic  separation  the  glauconite  still  contained  impurities. 
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These  were  removed  by  a  heavy  liquid  separation.  Tetrabromoe thane 
(specific  gravity  2.95  at  20°  C)  was  diluted  with  acetone  until  microcline 
(specific  gravity  2.54)  just  floated.  The  impure  glauconite  was  added  to 


the  diluted  tetrabromoe thane  and  the  mixture  centrifuged  for  5  minutes. 
The  glauconite  concentrate  was  decanted  onto  a  filter  paper,  washed  with 


acetone  and  dried  in  an  oven  at  100°  C. 


The  sample  was  further  purified  by  several  magnetic  separations  at 
0.5  and  0.65  amps.  Fine  debris  still  present  in  the  sample  was  floated 
with  water.  However,  this  procedure  caused  the  glauconite  to  disintegrate 
to  a  certain  degree,  and  the  practice  is  not  recommended. 

A  3.0  gm.  sample  of  relatively  pure  glauconite  was  used  by  Dr.  H. 
Baadsgaard  of  the  University  of  Alberta  for  an  age  determination  by  the 
potassium- argon  method. 


Re  suits 


Analytical  determinations  on  the  glauconite  yielded  the  following  data: 


K 


A40/K40  -  0.00474 

Calculated  age  -  78  x  10®  years,  using  the  constants 
and  ^  =  4.89xl0“10yr. 


-10 

=  0.583x10  yr. 


Stansberry  (1957)  reported  an  age  of  63  my  from  a  potassium-argon 
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age  determination  of  a  glauconite  concentrate  from  the  Viking  at  Imperial 
Armena  #6-llV  (Lsd.  6  Sec.  11  Twp.  U8  Rge.  21  Wlj.).  A  rerun  of  this  sample, 
done  by  Dr.  H.  Baadsgaard,  using  the  constants  given  above  gave  the 
following  results; 

K  -  U.12 % 

AUcyKUO  _  0.00538 

Calculated  age  =  90  x  10^  years. 

A  sample  of  glauconite  from  the  Viking  at  Imperial  Burbank  #13-15 
(Lsd.  13  Sec.  15  Twp.  39  Rge.  27  Wl±)  analysed  by  Dr.  Baadsgaard  (personal 
communication)  gave  the  following  results ; 
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Interpretation 

The  dates  of  7U  and  75  m  y  obtained  from  the  Viking  at  Burbank  and 
78  m  y  from  Mid  Western  Majeau  #B-6-36  agree  within  the  range  of  experimental 
error,  but  appear  to  be  too  young.  The  90  m  y  age  of  the  Armena  glauconite 
is  more  in  agreement  with  the  mid-Cretaceous  age  suggested  by  the  Holmes 
Time  Scale  B,  and  confirmed  by  a  potassium-argon  date  of  102  m  y  on  sanidine 
from  the  Crowsnest  Volcanics  (Folinsbee  and  Baadsgaard,  1958). 

A  recent  Russian  paper,  (Amirkanov  et  al,  1958)  deals  with  the 
preservation  of  radiogenic  argon  in  glauconite  under  the  influence  of  heat. 
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It  was  found  that  at  about  100°  C  glauconite  loses  about  20  per  cent  of 
its  radiogenic  argon  and  at  500°  C  there  is  complete  loss.  It  is  also 
pointed  out  that  the  separation  of  the  radiogenic  argon  takes  place  before 
the  beginning  of  the  destruction  of  the  glauconite  lattice. 

The  samples  of  glauconite  from  Burbank  ft  13-15  and  Majeau  #B-6-36 
were  heated  to  roughly  100°  C  during  outgassing  on  the  vacuum  line, 
which  may  have  caused  some  argon  loss.  The  Armena  sample  was  not  heated 
and  this  may  account  for  the  20  per  cent  difference  in  age  (Dr.  Baadsgaard, 
personal  communication). 

Dr.  Baadsgaard  also  stated  that,  in  potassium-argon  dating  of  three 
Jurassic  and  one  Lower  Cambrian  glauconite  samples  (treated  similarity 
to  the  Burbank  and  Majeau  samples)  the  ages  obtained  were  20-25  per  cent 
younger  than  indicated  by  other  types  of  paleontologically  controlled 
samples  dated  by  potassium-argon  and  rubidium-strontium  methods. 

If  the  Viking  and  Crows nest  Volcanics  are  considered  to  be  about  the 
same  age,  according  to  stratigraphic  correlation,  the  potassium-argon  age 
determinations  on  Viking  glauconites  yield  ages  that  are  too  young.  A 
correction  factor  of  20  per  cent,  applied  for  radiogenic  argon  loss  at 
temperatures  of  mild  thermal  metamorphism,  gives  a  Viking  age  that  agrees 
more  closely  with  that  suggested  by  correlation  with  the  Crowsnest  Volcanics. 

At  the  present  time  there  is  some  conflict  between  the  age  of  the 
Viking  formation  as  suggested  by  paleontological  and  geochronological 
evidence.  Stelck  (1958)  on  the  basis  of  paleontology  has  correlated  the 
Viking  formation  of  central  Alberta  with  part  of  an  extensive  erosional 
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gap  between  the  Upper  and  Lower  Blairmore  formations  in  southern  Alberta, 
which  places  the  Viking  somewhat  earlier  than  the  Crowsnest  Volcanics. 

In  interpreting  geochronological  data  it  is  necessary  to  keep  in  mind 
the  conclusion  of  Amirkanov  et  al  (1958)  who  stated  "to  determine  the  absolute 
age  of  sedimentary  rocks  by  glauconite  it  is  necessary  to  know  thoroughly 
the  geological  history  of  each  sample.” 
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APPENDIX  A 


CORE  DESCRIPTIONS 


Mid  Western  Majeau  if B-6-36 
Lsd.  6  Sec.  36  Twp.  56  Rge.  4  W5 
K.B .  2281.2  Viking  Top  3403.5' 


Diamond  Core  jf5  -  3386  -  3436’  -  Recovery  50* 

3386  -  3403.5  SHALE,  dark  grey  to  black,  fissile,  conchoidal 
fracture,  non-calcareous ,  a  few  carbonaceous  flecks  and 
traces  of  fish-scales.  Occasional  thin,  grey,  silty  bands. 

3403.5  -  3403.7  SANDSTONE,  medium  to  dark  grey,  non-calcareous, 
consists  of  poorly  cemented,  clear,  angular,  medium-sized 
quartz  grains  and  black  angular  to  subrounded  chert  pebbles. 

3403.7  -  3414.3  Irregularly  interbedded,  cross-bedded  and  inter- 
lensed  sandstone  and  shale.  Sandstone  occurs  as  thin 
bands  up  to  thick,  as  lenses  and  irregular  blebs. 
SANDSTONE,  light  to  medium  grey,  very  fine-grained,  well 
sorted,  non-calcareous,  micaceous,  argillaceous  in  part, 
faintly  "salt  and  pepper,”  poorly  defined  banding, 
cross-bedded  in  part. 

SHALE,  dark  grey  to  black,  fissile,  non-calcareous,  micro- 
micaceous,  arenaceous  in  part,  a  few  traces  carbonaceous 
flecks . 

A  visual  estimation  suggests  that  sandstone  makes  up  60% 
of  this  interval  (See  Plate  V,  figs.  2  and  3;  Plate  VII, 
fig.  2;  Plate  VIII,  Figs.  2;  Plate  X,  figs.  2  and  3). 

3413.3  -  3436  Interbedded  sandstone  and  shale. 

SANDSTONE,  light  grey  to  grey-brown,  very  fine-grained, 
well  sorted,  non-calcareous,  slightly  argillaceous, 
glauconitic,  micaceous,  "salt  and  pepper." 

SHALE,  dark  grey,  non-calcareous,  silty  to  sandy, 
micromicaceous .  At  3414.6,  a  band  of  cherty  sandstone 
occurs.  This  sandstone  is  light  to  medium  grey,  medium¬ 
grained,  and  consists  of  rounded  to  angular  quartzite  and 
black  chert  fragments  and  clear  and  frosted,  subrounded 
quartz  grains . 

Immediately  below  this  cherty  band,  there  is  evidence 
of  animal  burrows  that  run  vertically  in  the  core. 

(See  Plate  VII,  fig.  1;  Plate  VIII,  figs.  1  and  3). 
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Diamond  Core  $6  -  3436  -  3463’  -  Recovery  27 T 

3436  -  3443  Interbedded  sandstone  and  shale  as  in  the  interval 
3413.3  -  3436  (See  Plate  VII,  fig.  3). 

3442  -  3447.9  SHALE,  dark  grey  to  black,  non-calcareous, 

arenaceous,  micaceous,  enclosing  isolated  blebs  and  lenses 
of  sandstone.  Sandstone  also  occurs  as  bands  up  to  t" 
thick. 

SANDSTONE,  light  grey,  very  fine-grained,  non-calcareous, 
micaceous,  glauconitic,  ’'salt  and  pepper,"  banded. 

3447.9  -  3463  Interbedded  and  cross-bedded  sandstone  and  shale. 
SANDSTONE,  light  grey,  very  fine-grained,  non-calcareous, 
micromicaceous ,  glauconitic,  partly  argillaceous,  with 
traces  of  carbonaceous  material  and  plant  fragments. 

SHALE,  medium  to  dark  grey,  non-calcareous,  very 
arenaceous  in  part. 

The  upper  1.4’  of  the  interval  consists  of  interbedded 
shale,  as  above,  and  light  to  medium  grey,  medium- grained, 
argillaceous,  glauconitic,  sandstone,  consisting  of 
rounded  to  subangular,  clear  and  frosted  quartz  and 
angular,  black,  opaque  chert  grains. 


Diamond  Core  $7.  -  3463  -  3489 T  -  Recovery  26’ 

3463  -  3464  Interbedded  sandstone  and  shale  as  above. 

SANDSTONE,  light  grey,  fine-grained,  non-calcareous,  micaceous, 
glauconitic,  faintly/-  "salt  and  pepper."  Quartz  grains  are 
clear,  angular  to  subrounded.  Some  quartz  appears  to  be 
authi genic . 

3464  -  3489  Interbedded  and  interlensed  sandstone  and  shale. 

Sandstone  occurs  in  bands  up  to  4"  thick,  as  lenses  and 
in  isolated  blebs. 

SANDSTONE,  as  in  interval  3464  -  3489. 

SHALE,  dark  grey  to  black,  non-calcareous,  micaceous, 
traces  carbonaceous  material,  sandy  in  part. 

Diamond  Core  -jfQ  -  3489  -  3519T  -  Recovery  31.3' 

3489  -  3502.7  Interbedded  sandstone  and  shale  as  in  interval 
3464  -  3489.  Sandstone  makes  up  60%  of  the  interval. 

Some  indication  of  animal  burrovfs  in  the  sandstone  • 
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Diamond  Core  jfS  -  3489  -  3519*  (Cont.) 

3502.7  -  3503  CLAY  IRONSTONE,  medium  brown,  non-calcaceous, 
hard.  Fresh  surface  gives  the  color  of  oxidized 
sulphides,  some  pyrite  is  visible,  and  frosted  quartz 
grains,  black  chert  grains  and  pellets  of  glauconite 
occur  throughout  the  interval.  The  ironstone  appears 
gradational  into  the  underlying  sandstone  and  shaly 
sandstone . 


3503  -  3503.3  Interbedded  and  interlensed  sandstone  and 
shaly  sandstone • 

3503.3  -  3503.45  CLAY  IRONSTONE. 

3503.45  -  3504.20  SANDSTONE,  medium  brown  to  brown-grey, 
medium-grained,  non-calcareous,  slightly  glauconitic. 
Angular  to  sub rounded,  clear  and  milky  quartz  and 
subangular  black  chert  grains  are  set  in  a  brown  clayey 
matrix.  A  few  brown  elliptical  ironstone  concretions 
occur  near  the  base  of  the  interval. 

3504.2  -  3520.3  Irregularly  interbedded,  interlensed  and 
cross-bedded  sandstone  and  silty  to  sandy  shale. 
SANDSTONE,  light  grey,  fine  to  very  fine-grained, 
non-calcaceous,  argillaceous  in  part,  strongly 
glauconitic  in  part,  traces  carbonaceous  flecks  and 
mica  flakes,  generally  "salt  and  pepper,"  banded 
in  part. 

SHALE,  dark  grey  to  black,  fissile,  silty  to  sandy, 
micromicaceous ,  traces  pyrite,  carbonaceous  flecks 
and  plant  fragments.  Much  of  the  shale  has  a  black, 
waxy,  carbonaceous  appearance  which  may  be  due  in 
part  to  dead  oil  staining.  The  sandstone  occurs  as 
irregular  lenses,  blebs  and  bands  up  to  3"  thick. 

Two  clay  ironstone  bands,  and  i=ru  thick  occur  2.4* 
and  0.3 f  respectively  from  the  base  of  the  interval. 
(See  Plate  V.  fio*.  4;  Plate  VI,  figs.  1,  2,  and  4; 
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Fina-Pan  American-K.B .  Windfall  #7-8 
Lsd.  7  Sec.  8  Twp •  60  Rge •  15  W5 
K.B.  2788'  Viking  Top  5096' 


Diamond  Core  -fl  -  5175  -  5197 1  -  Recovery  21'. 

5175  -  5177.7  SANDSTONE,  light  grey  to  brown,  fine  to 
medium- grained,  vrell  sorted,  slightly  glauconitic, 
faintly  "salt  and  pepper".  Angular  to  subrounded 
quartz  grains  are  set  in  a  white  kaolinitic  or  fine 
quartz  silt  matrix.  An  irregular  |r"  band  of  iron¬ 
stone  occurs  0.7*  from  the  top  of  the  interval.  1.0’ 
below  the  top  of  the  interval  are  concretions  of 
ironstone  up  to  l"  in  cross  sectional  diameter  and 
2"  -  3"  in  length  (See  Plate  X,  fig.  l). 

5177  .7  -  5179.1  SANDSTONE,  light  grey,  fine-grained,  non- 

calcareous,  slightly  glauconitic,  argillaceous,  faintly 
"salt  and  pepper."  Bottom  0.5'  of  interval  shows  thin 
irregular  interbeds  of  carbonaceous  shale. 

5179.1  -  5187.8  Irregularly  interbedded  sandstone  and 
carbonaceous  shale. 

SANDSTONE,  light  grey,  fine-grained,  non-calcareous, 
argillaceous,  slightly  glauconitic,  faintly  "salt  and 
pepper,"  traces  pyrite  and  mica. 

CARBONACEOUS  SHALE,  occurs  in  very  thin  irregular 
laminae . 

Interval  is  probably  75 %  sandstone  but  dead  oil 
staining  gives  the  core  a  dark  shaly  appearance  (See 
Plate  IX,  fig.  3). 

5187.8  -  5188.3  SANDSTONE,  medium  grey  to  brown,  fine  to 
medium- grained,  siliceous,  argillaceous,  slightly 
glauconitic,  hard,  dense. 

5188.3  -  5191.0  Interbedded  sandstone  and  carbonaceous  shale 

as  in  the  interval  5179.1  to  5187.8.  Lower  2"  of  interval 
is  brown  siliceous  sandstone  as  above. 

5191.0  -  5195.5  ARENACEOUS  SHALE,  dark  grey  to  black,  of 

conchoidal  fracture,  traces  sandstone  blebs,  some  of  which 
are  glauconitic.  Sandstone  becomes  more  abundant  in 
lower  1.0*  of  the  interval. 

5195.5  -  5196.0  SANDSTONE,  medium  grey  to  brown,  fine  to 
medium- grained,  siliceous,  argillaceous,  slightly 
glauconitic,  hard,  dense. 
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California  Standard  Cynthia  $16-21 
Lsd.  16  Sec.  21  Twp .  49  Rge •  13  W5 
K.B.  3297*  Viking  Top  7508* 

Diamond  Core  #6  -  7495  -  7525'  -  Recovery  30* 

7495  -  7508  SHALE,  dark  grey  to  black,  fissile,  micro- 
micaceous,  non-calcareous,  slightly  silty  in  part, 
fish-scales  common,  a  few  pyrite  nodules.  Thin  bands 
(up  to  thick)  and  lenses  of  light  grey,  fine¬ 
grained  sandstone  occur  throughout  the  interval . 

7508  -  7508.15  SANDSTONE,  medium  grey,  fine-grained,  siliceous, 
faintly  "salt  and  pepper,"  interbedded  with  dark  grey 
to  black  shale. 

7508.15  -  7508.30  CONGLOMERATIC  SANDSTONE,  medium  grey  to 

grey-brown,  fine-grained,  siliceous,  vitreous  appearance, 
faintly  "salt  and  pepper."  Black  to  blue,  opaque  chert 
grains  up  to  l/8"  in  diameter  scattered  throughout  and 
also  concentrated  in  bands  i"  thick  (See  Plate  IX,  fig.  2). 

7508.3  -  7509.2  Interbedded  sandstone  and  shale. 

SANDSTONE,  light  grey  to  grey-brown,  very  fine-grained, 
siliceous,  vitreous  appearance. 

SHALE,  Black,  carbonaceous,  arenaceous  in  part,  traces  fish- 
scales  and  coaly  fragments. 

7509.2  -  7512  SANDSTONE,  with  thin  irregular  shale  interbeds. 

SANDSTONE,  medium  grey  to  grey-brown,  very  fine-grained, 
siliceous,  slightly  glauconitic,  faintly  "salt  and  pepper," 
cross-bedded,  contains  nodular  and  disseminated  pyrite 
and  carbonaceous  fragments. 

SEALE,  dark  grey  to  black,  micromicaceous,  non-calcareous, 
arenaceous  in  part,  contains  nodular  and  disseminated 
pyrite,  carbonaceous  fragments  and  fish-scales. 

The  upper  2"  of  the  interval  is  a  conglomeratic  sandstone, 
medium  grey,  medium- grained,  faintly  "salt  and  pepper," 
with  a  silty  matrix  in  which  are  embedded  grey  to  black, 
opaque,  subrounded  chert  pebbles,  up  to  l"  in  diameter 
(See  Plate  V,  fig.  l). 

7512  -  7525  Interbedded  sandstone  and  shale. 

SANDSTONE,  medium  grey  to  grey-brown,  fine-grained, 
micaceous,  argillaceous,  slightly  glauconitic.  Carbonaceous 
and  coaly  fragments  common. 

SHALE,  black,  carbonaceous,  arenaceous  in  part,  traces 
nodular  and  disseminated  pyrite .  Visual  estimate  suggests 
40%  of  the  interval  is  sandstone. 
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Diamond  Core  -$7  -  7  525  -  7  575  -  Recovery  50T 

7525  -  7542  Irregularly  interbedded  sandstone  and  shale. 
Sandstone  occurs  as  lenses,  isolated  blebs  and  in 
thin  bands.  Pyrite  nodules  and  disseminated  pyrite 
common  throughout  the  interval,  which  appears  similar 
to  the  basal  part  of  Core  -//6 .  Visual  estimate  suggests 
25/'©  sandstone  over  the  entire  interval. 

NOTE:  The  basal  portion  of  Core  $7  was  lost  in  transport.  William 

Wolodarsky  (Geologist,  California  Standard  Company)  gives  the 
following  description  of  the  basal  portion  of  Core  $7,  starting 
at  a  depth  of  7542’ . 

121  3n  SANDY  SHALE,  medium  to  dark  grey,  carbonaceous  partings. 
Sandstone  (5 %) ,  fine-grained,  occurs  in  irregular  blebs 
and  lenses. 

2,f  SHALE,  dark  grey,  silty. 

2*  5”  SANDY  SHALE,  as  above. 

5’  3U  SHALE,  dark  grey  to  black,  silty.  Traces  very  fine¬ 
grained  sandstone  blebs. 

6”  ARGILLACEOUS  SANDSTONE,  medium  to  light  grey,  very 
fine-grained,  quartz itic  luster,  ironstone  matrix. 

7’  7n  SHALE,  dark  grey  to  black,  fissile,  slightly  pyritic. 
Trace  fish-scales,  trace  siltstone  stringers. 

4’  4m  SHALE,  dark  grey,  silty,  sandy  in  part,  micromicaceous, 
occasional  siltstone  blebs . 


CALIFORNIA  STANDARD  CYNTHIA  SW-I6-2I 


Lsd.16  Sec  21  Twp.  49  Rge.  13  W.5 
K.B.  3297 
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APPENDIX  B 

TKIN  SECTION  DESCRIPTIONS 

Mid  Western  Majeau  $ B-6-36 
Lsd.  6  Sec*  36  Twp,  56  Rge  •  4  W5 
K.B.  2281.2  Viking  Top  3403.5 

Slide  3121  -  Depth  3403.5* 

Megascopic  Description 

SANDSTONE:  Medium  to  dark  grey  with  a  light  grey 
to  white  matrix,  medium- grained,  non-calcaceous,  poorly 
sorted,  a  few  subangular  chert  granules  present,  friable, 
poor  porosity. 

Microscopic  Description 

TEXTURE:  Medium  to  coarse-grained  sandstone,  subangular  to 
rounded,  loosely  packed,  matrix  of  iliitic  clay  material  and 
quartz  silt,  poor  porosity. 

STRUCTURE:  None  observed. 

MINERALOGY :  Quartz  40-45$,  siliceous  rock  fragments  (Including 
chert,  quartzite  and  siliceous  volcanics)  15-12$,  argillaceous 
rock  fragments  10-15$,  pyrite  5-10$,  matrix,  iliitic  clay 
material  and  fine  quartz  silt  15-20$,  twinned  feldspar  less 
than  1%,  mica  less  than  1$. 

CEMENT:  1%  as  silica  overgrowths  on  quartz. 

REMARKS:  Pyrite  occurs  disseminated  and  in  nodules  and  in  a 
few  cases  appears  to  replace  the  quartz  and  siliceous  rock 
fragments  (see  pi.  XI,  fig.  8).  Generally  all  grains  are  the 
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same  size  but  a  few  large  (1.5  -  2.0  mm.)  siliceous  and 
argillaceous  rock  fragments  are  present. 

SIGNIFICANCE  OF  COLOR:  Dark  grey  due  to  the  presence  of 
argillaceous  rock  fragments  and  matrix. 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3122  -  Depth  3418.4’ 

Megascopic  Description 

SANDSTONE:  Light  to  medium  grey,  fine-grained,  non- 
calcareous,  ”salt  and  pepper”,  slightly  glauconitic,  v/ell 
sorted,  banded,  poor  to  fair  porosity. 

Microscopic  Description 

TEXTURE:  Coarse  silt  to  very  fine-grained  sandstone,  angular 
to  subrounded,  medium  sorting,  poor  porosity. 

STRUCTURE:  Alternation  of  grain  size  parallel  to  bedding. 
MINERALOGY:  Quartz  50-60;%,  argillaceous  rock  fragments  25-30%, 
siliceous  rock  fragments  5%,  zircon  less  than  1%,  glauconite  less 
than  l/o9  opaques  less  than  1%. 

CEMENT:  None  observed. 

REMARKS:  Sample  badly  disintegrated. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  argillaceous 
rock  fragments . 

CLASSIFICATION:  Lithic  siltstone. 
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Slide  3123  -  Depth  3431.6' 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine-grained,  non-calcareous, 
faintly  "salt  and  pepper",  well  sorted,  cross-bedded,  a  few 
thin  carbonaceous  partings,  poor  porosity. 

Microscopic  Description 

TEXTURE:  Very  fine-grained  sandstone,  angular  to  subrounded, 
matrix  of  fine  illitic  clay  material,  cementation  by  silica 
overgrowths,  well  sorted,  poor  porosity,  clastic. 

STRUCTURE:  Concentration  of  clean  sandstone  in  bands  parallel 
to  bedding. 

MINERALOGY:  Quartz  7 0-7 5%,  argillaceous  rock  fragments  10-1 5/o, 
twinned  feldspar  less  than  1  %,  glauconite  less  than  1%,  zircon 
less  than  1/4. 

CEMENT:  • 5 %  as  silica  overgrowths  on  quartz. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  matrix  and  argillaceous 
rock  fragments • 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3124  -  Depth  3448.0* 

Megascopic  Description 

ARENACEOUS  SEALE:  Dark  grey  to  black,  fissile,  pyritic. 
Light  grey,  fine-grained,  glauconitic  sandstone  occurs  in 
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isolated  lenses  and  pockets.  A  few  subangular  grey  and  black 
chert  pebbles  and  numerous  sand  grains  occur  scattered  throughout 
the  shale;  poorly  sorted,  reworked. 

Microscopic  Description 

TEXTURE:  Fine  to  medium,  subangular  to  rounded  sand  grains 
concentrated  in  pockets  and  scattered  throughout  illitic  clay 
material  and  fine  quartz  silt,  poorly  sorted,  non-porous . 

STRUCTURE:  Sandstone  occurs  concentrated  in  pockets. 

MINERALOGY :  Illitic  clay  material  and  fine  quartz  silt  45-50%, 
quartz  35-40%,  siliceous  rock  fragments  5-10%,  argillaceous  rock 
fragments  5%,  twinned  feldspar  less  than  1%,  dahlite  less  than  1%, 
zircon  less  than  1%* 

CEMENT:  3%  as  silica  overgrowths  on  quartz. 

REMARKS:  Some  quartz  grains  show  abraided  (rounded)  overgrowths. 
Feldspar  appears  fresh. 

SIGNIFICANCE  OF  COLOR:  Dark  due  to  large  amount  of  illitic  clay 
material . 

CLASSIFICATION:  Arenaceous  shale. 

Slide  3125  -  Depth  3478.9’ 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine-grained,  non-calcaceous ,  slightly 
glauconitic,  ’’salt  and  pepper”,  faintly  banded,  well  sorted, 
slightly  oil  stained,  fair  porosity. 
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Microscopic  Description 

TEXTURE:  Fine  to  very  fine-grained  sandstone,  angular  to 
rounded  grains,  medium  sorting,  closely  packed,  poor  porosity. 
STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  60%,  siliceous  rock  fragments  10-15/C, 
argillaceous  rock  fragments  5-10%,  matrix  of  fine  illitic  clay 
material,  15-20%,  twinned  feldspar  less  than  1%,  mica  less  than 
l/o,  pyrite  less  than  1%,  glauconite  less  than  1%. 

CEMENT:  5%  as  silica  overgrowths  on  quartz. 

,  REMARKS:  Due  to  silica  overgrowths,  the  quartz  in  some  areas 

makes  a  mosaic  pattern.  Some  of  the  twinned  feldspar  appears 
badly  altered. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  matrix  and 
argillaceous  rock  fragments. 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3126  -  Depth  3486.6’ 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine-grained,  slightly  glauconitic, 
"salt  and  pepper",  faintly  banded,  well  sorted,  in  contact 
'with  grey  b roam,  dense,  ironstone.  The  contact  cuts  across 
bedding  and  shoYrs  a  narrow  (l/8")  grey  brown,  fine-grained 
transition  zone.  Ironstone  incloses  pockets  and  thin  lenses  of 
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Microscopic  Description 

TEXTURE:  Fine-grained  sandstone,  angular  to  subrounded  grains, 
medium  sorting,  loosely  packed,  poor  porosity,  siderite  acts 
as  binding  material.  Siderite,  fine-grained,  contains  angular 
quartz  silt  and  carbonaceous  fragments. 

STRUCTURE:  Transition  zone  consists  of  approximately  equal 
amounts  of  quartz  and  siderite  and  shows  a  sharp  contact  with 
the  band  of  pure  siderite.  Siderite  band  cuts  across  bedding. 
MINERALOGY:  Quartz  50%,  siliceous  rock  fragments  5-10%, 
argillaceous  rock  fragments  5%,  siderite  30-35%,  tourmaline  less 
than  1%,  glauconite  less  than  1%,  collophane  less  than  1%. 
CEMENT:  3%  as  silica  overgrowths  on  quartz. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  argillaceous  rock  fragments 
and  siderite • 

CLASSIFICATION:  Sideritic  lithic  sandstone. 

Slide  3127  -  Depth  3490.4’ 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine-grained,  non-calcareous, 
glauconitic,  ’’salt  and  pepper”,  faintly  banded,  well  sorted, 
fair  porosity. 

Microscopic  Description 

TEXTURE:  Fine-grained  sandstone,  angular  to  rounded  grains, 
medium  sorting,  cementation  by  silica  overgrowths,  porosity 
10-15%,  clastic. 
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STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  55-60%,  siliceous  rock  fragments  15-20%, 
argillaceous  roclc  fragments  5-10/ j,  twinned  feldspar  less  than 
1%,  glauconite  less  than  1%,  opaques  less  than  1%. 

CEMENT:  6%  total.  5%'  as  silica  overgrowths  on  quartz,  1 % 
calcite • 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  argillaceous 
rock  fragments • 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3128  -  Depth  3497 .3T 

Megascopic  Description 

SANDSTONE:  Light  grey,  medium-grained,  slightly  glauconitic, 
"salt  and  pepper”,  well  sorted,  friable,  fair  to  good  porosity. 

Microscopic  Description 

TEXTURE:  Fine  to  medium- grained  sandstone,  angular  to  rounded, 
fair  porosity,  cementation  by  silica  overgrowths • 

STRUC  TURE :  N one  ob  s  e  rve  d . 

MINERALOGY:  Quartz  50-55%,  siliceous  rock  fragments  (including 
chert  and  quartzite)  25-30%,  argillaceous  rock  fragments  10-15%, 
glauconite  1-2%,  twinned  feldspar  less  than  1%,  opaques  less 
than  1%. 

CEMENT:  5%  as  silica  overgrowths  on  quartz. 

REMARKS:  Some  quartz  appears  angular  due  to  silica  overgroilhs. 
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SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  argillaceous 
rock  fragments • 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3129  -  Depth  3502.75' 

Megascopic  Description 

SANDSTONE:  Grey  brown,  medium- grained,  non-calcareous, 
slightly  glauconitic,  faintly  "salt  and  pepper”,  medium  sorting, 
poor  porosity.  The  medium-grained  sandstone  is  overlain  by  grey 
brown,  very  coarse-grained,  glauconitic  sandstone,  poorly  sorted 
and  showing  a  few  opaque  rounded  chert  pebbles  scattered 
throughout • 

Microscopic  Description 

TEXTURE:  Medium  to  very  coarse-grained  sandstone,  subangular  to 
rounded,  poorly  sorted,  fair  porosity,  cementation  by  silica 
overgrowths  and  calcite,  clastic. 

STRUCTURE:  Banding,  due  to  variation  in  grain  size  parallel  to 
bedding • 

MINERALOGY:  Quartz  50-55/C,  siliceous  rock  fragments  20-25/6, 
argillaceous  rock  fragments  5-10%,  matrix,  fine  illitic  clay 
material  10-15)6,  glauconite  3-5%,  twinned  feldspar  less  than  1%, 
calcite  less  than  1/6,  corundum  less  than  1)6,  opaques  less  than  1%, 
CEMENT:  4%  total  cement.  Silica  overgrowths  on  quartz  3)6,  calcite 
1%. 
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REMARKS:  A  bimodal  size  distribution  is  present.  A  few 
rounded  pebbles  of  chert  and  siliceous  rock  fragments  occur 
scattered  throughout. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  argillaceous  and  siliceous 
rock  fragments. 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3130  -  Depth  3503.1’ 

Megascopic  Description 

ARENACEOUS  IRONSTONE:  Light  brown,  fine-grained,  dense. 
Glauconite  pellets,  organic  fragments  and  sand  grains  occur 
scattered  throughout.  Light  grey,  fine-grained,  glauconitic 
sandstone  occurs  in  isolated  pockets. 

Microscopic  Description 

TEXTURE:  Very  fine-grained  sandstone,  angular  to  rounded,  fine 
siderite  silt  acts  as  binding  material,  poorly  sorted,  clastic. 
STRUCTURE:  None  observed. 

MINERALOGY:  Siderite  35-40%,  quartz  30-35%,  siliceous  rock 
fragments  15-20%,  argillaceous  rock  fragments  5%,  twinned 
feldspar  less  than  1%,  glauconite  less  than  1%,  calcite  less 
than  1%,  opaques  less  than  1%,  (may  be  organic  material). 
CEMENT:  1%  calcite . 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  presence  of  siderite. 
CLASSIFICATION:  Sideritic  lithic  sandstone. 
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Slide  3131  -  Depth  3503.4* 

Megascopic  Description 

IRONSTONE:  Grey  brown,  dense,  hard.  Sand  grains,  pellets  of 
glauconite  and  patches  of  pyrite  occur  scattered  throughout. 

Mi c r o s copic  Description 

TEXTURE:  Fine  to  medium,  angular  to  rounded  sand  grains  occur 
scattered  throughout  siderite  silt,  non-porous,  no  cementation, 
clastic . 

STRUCTURE:  Sand  grains  appear  concentrated  along  certain  planes 
which  do  not  parallel  bedding. 

MINERALOGY:  Siderite  7  5-80/^,  quartz  15-20/c.,  siliceous  rock 
fragments  5%,  pyrite  less  than  1 opaques,  may  be  carbonaceous 
material,  less  than  1%. 

CEMENT :  N one  ob  s  e  rve  d . 

REMARKS:  Glauconite  present  in  hand  sample  has  probably  been 
removed  during  the  preparation  of  the  slide . 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  presence  of  siderite. 
CLASSIFICATION:  Arenaceous  siderite  ironstone. 

Slide  3132  -  Depth  3503.7* 

Megascopic  Description 

SANDSTONE:  Medium  brown,  medium  to  coarse-grained,  ferruginous, 
slightly  glauconitic,  medium  sorting,  friable,  good  porosity. 

A  few  bluish-grey  rounded  chert  pebbles  and  patches  of  brown 
ironstone  occur  scattered  throughout. 
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Microscopic  Description 

TEXTURE:  Medium  to  coarse-grained  sandstone,  subangular  to 
well  rounded,  good  sorting,  porosity  10-15%,  siderite  matrix, 
clastic  • 

STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  30-35%,  siderite  25-30 %,  siliceous  rock 
fragments  15-20%,  argillaceous  rock  fragments  5-10%,  glauconite 
less  than  1%,  opaques  less  than  1%. 

CEMENT:  None  observed. 

REMARKS:  Much  of  the  quartz  shows  strained  extinction. 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  presence  of  siderite. 
CLASSIFICATION:  Sideritic  lithic  sandstone. 

Slide  3133  -  Depth  3504.6* 

Megascopic  Description 

SANDSTONE:  Light  grey,  medium-grained,  slightly  glauconitic, 
"salt  and  pepper",  cross-bedded,  well  sorted,  fair  to  good  porosity. 
A  few  thin  shaly  lenses  occur  in  the  basal  part. 

Microscopic  Description 

TEXTURE:  Medium-grained  sandstone,  angular  to  rounded,  medium 
sorting,  porosity  5-10%,  cementation  by  silica  overgrowths 
and  calcite .  A  thin  shaly  parting  of  illitic  clay  material 
and  fine  quartz  silt  cuts  irregularly  across  the  sandstone. 


STRUCTURE:  None  observed 
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MINERALOGY:  Quartz  40-45%,  siliceous  rock  fragments  20-25%, 
matrix,  fine  illitic  clay  material  10-15%,  argillaceous  rock 
fragments  5  ,  glauconite  2  %,  cal  cite  5 /a,  opaques,  less  than  1  %. 
CEMENT:  7 %  total.  2 %  as  silica  overgrowths,  5 /  calcite. 
SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  siliceous  and 
argillaceous  rock  fragments • 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3134  -  Depth  3513.3’ 

Megascopic  Description 

SANDSTONE:  Light  to  medium  grey,  fine  to  medium-grained, 
non-calcareous,  slightly  glauconitic,  ’’salt  and  pepper”,  poor 
porosity;  interbedded  with  thin  bands  and  lenses  of  dark  grey, 
non-calcareous  shale;  reworked. 

Microscopic  Description 

TEXTURE:  Fine-grained  sandstone,  subangular  to  subrounded, 
medium  sorting,  tightly  packed,  poor  porosity,  cementation  by 
silica  overgrowths,  clastic. 

STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  45-50%,  siliceous  rock  fragments  20-25%, 
argillaceous  rock  fragments  10-15%,  matrix,  fine  illitic  clay 
material  10-15%,  twinned  feldspar  less  than  1%,  siderite  less 
than  1%,  glauconite  less  than  1%,  calcite  less  than  1%,  zircon 
less  than  1%. 
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CEMENT:  Total  cement  6/o,  silica  overgrowths  on  quartz  5%, 
calcite  1%, 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  argillaceous  rock  fragments 
and  matrix. 

Slide  3135  -  Depth  3517.5* 

Megascopic  Description 

SANDSTONE:  Light  grey,  very  fine-grained,  non-calcareous, 
argillaceous,  faintly  "salt  and  pepper",  poor  porosity.  A  few 
thin,  dark  grey  shale  partings  give  a  banded  appearance. 

Microscopic  Description 

TEXTURE:  Very  fine-grained  sandstone,  angular  to  subrounded, 
medium  sorting,  poor  porosity,  cementation  by  silica  overgrowths 
and  calcite,  clastic. 

STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  55-60%,  siliceous  rock  fragments  15-20%, 
argillaceous  rock  fragments  5-10%,  twinned  feldspar  less  than 
l/o,  siderite  less  than  1,.  ,  calcite  2%,  mica  less  than  1%, 
tourmaline  less  than  1%,  opaques,  carbonized  plant  fragments, 
less  than  1%. 

CEMENT:  6 %  total,  silica  overgrowths  on  quartz  4%,  calcite  2%. 
REMARKS:  Sample  disintegrated  in  preparation  of  slide. 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  argillaceous  and  siliceous  rock 
fragments • 
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CLASSIFICATION:  Lithic  sandstone. 

Slide  3136  -  Depth  3519 .9' 

Megascopic  Description 

Irregularly  intermixed  ironstone  and  sandstone,  grey  brown. 
SANDSTONE:  Light  grey,  fine-grained,  non-calcareous , 
slightly  glauconitic,  occurs  in  pockets  and  irregular  lenses. 

IRONSTONE:  Mottled  light  and  medium  brown,  dense,  contains 
sand  grains  and  pellets  of  glauconite,  cuts  irregularly  across 
bedding . 

Microscopic  Description 

TEXTURE:  Fine-grained,  angular  to  sub rounded  sand  grains 
concentrated  in  pockets  and  scattered  throughout  fine  siderite, 
non-porous,  calcite  cementation,  clastic. 

STRUCTURE:  Sandstone  concentrated  in  some  areas,  also  some 
areas  of  siderite  without  admixed  sand  grains. 

MINERALOGY:  Siderite  40-45, %,  quartz  20-25%,  siliceous  rock 
fragments  10-15%,  argillaceous  rock  fragments  3-5$,  calcite 
7-10%,  twinned  feldspar  less  than  1%,  glauconite  less  than  1$, 
altered  mica  less  than  1%. 

CEMENT :  Calcite  7$. 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  presence  of  siderite. 
CLASSIFICATION:  Sideritic  lithic  sandstone. 
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Fina-Pan  American-H.B •  Windfall  $7-8 
Lsd.  7  Sec.  8  Twp.  60  Rge.  15  W5 
K.B.  2788'  Viking  Top  5096’ 

Slide  3137  -  Depth  5175.7' 

Megascopic  Description 

IRONSTONE:  Medium  brown,  dense,  in  contact  with  light  grey, 
medium- grained, "salt  and  pepper",  sandstone.  A  l/8M  grey  brown 
transition  zone,  composed  of  about  equal  amounts  of  ironstone 
and  sandstone  occurs  at  the  contact.  A  very  thin  carbonaceous 
parting  occurs  at  the  top  of  the  transition  zone  (see  pi.  X 
fig.  l). 

Microscopic  Description 

TEXTURE:  Medium-grained  sandstone,  angular  to  well  rounded, 
medium  sorting,  slight  porosity,  cementation  by  silica  overgrowths, 
clastic.  The  ironstone  band  consists  of  fine,  well  sorted  siderite. 
STRUCTURE:  Sharp  contact  between  ironstone  and  sandstone. 
MINERALOGY:  The  mineralogy  of  the  sandstone  is  as  follows: 
quartz  65-70%,  siliceous  rock  fragments  10-15%,  including  chert 
and  quartzite,  argillaceous  rock  fragments  5%,  twinned  feldspar 
2,.,  siderite  1%,  opaques  less  than  1%. 

CEMENT:  6%  as  silica  overgrowths  on  quartz. 

REMARKS:  Much  of  the  quartz  appears  badly  fractured  and  exhibits 
undulatory  extinction.  Silica  overgrowths  on  quartz  give  a 
mosaic  pattern  and  many  of  the  contacts  between  individual  grains 
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appear  sutured,  suggesting  solution  due  to  pressure  at  the 
grain  boundaries.  Feldspar  appears  .fresh, 

SIGNIFICANCE  OF  COLOR:  Grey  to  presence  of  siliceous  and 
argillaceous  rock  fragments, 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3138  -  Depth  5176 .7 1 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine  to  medium-grained,  non- 
calcareous,  slightly  glauconitic,  "salt  and  pepper",  well 
sorted,  fair  to  good  porosity. 

Microscopic  Description 

TEXTURE:  Fine  to  medium- grained  sandstone,  angular  to  subrounded, 
medium  sorting,  tightly  packed,  cementation  by  silica  overgrowths, 
clastic , 

STRUC  TURE :  None  ob  s  e  rve  d . 

MINERALOGY:  Quartz  65-70 %,  siliceous  rock  fragments  (including 
chert  and  quartzite)  15-20/6,  argillaceous  rock  fragments  2-5>o, 
opaques  less  than  1%, 

CEMENT:  5%  as  silica  overgrowths  on  quartz. 

SIGNIFICANCE  OF  COLOR:  Light  grey  due  to  siliceous  and 
argillaceous  rock  fragments. 

CLASSIFICATION:  Lithic  sandstone. 
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Slide  3139  -  Depth  5178.5 1 

Megascopic  Description 

SANDSTONE:  Light  grey,  fine-grained,  non-calcareous , 
slightly  glauconitic,  "salt  and  pepper",  well  sorted,  slightly  * 
oil  stained,  fair  porosity. 

Microscopic  Description 

TEXTURE:  Fine  to  .me dium-g rained  sandstone,  subangular  to  well 
rounded,  medium  sorting,  tightly  packed,  cementation  by  calcite 
and  silica  overgrowths,  poor  porosity,  clastic. 

STRUCTURE:  None  observed. 

MINERALOGY:  Quartz  60-65/b,  siliceous  rock  fragments  (including 
chert  and  quartzite)  25-30%,  argillaceous  rock  fragments  3-5%, 
twinned  feldspar  less  than  1%,  mica  less  than  1% ,  calcite  less 
than  1%,  opaques  less  than  1/4. 

CEMENT:  Total  cement  8%,  silica  overgrowths  on  quartz  7%, 
calcite  1%, 

REMARKS:  Silica  overgrowths  on  quartz  give  a  mosaic  pattern. 
SIGNIFICANCE  OF  COLOR:  Light  grey  due  to  presence  of  argillaceous 
and  siliceous  rock  fragments. 


CLASSIFICATION:  Lithic  sandstone 
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Slide  3140  -  Depth  5180.8* 

Megascopic  Description 

SANDSTONE:  Light  to  medium  grey,  fine-grained,  non-calcareous, 
slightly  glauconitic,  faintly  "salt  and  pepper",  poor  sorting, 
slightly  oil  stained,  poor  porosity.  Irregular  thin  partings  and 
lenses  of  dark  grey  to  black,  carbonaceous,  shale. 

Microscopic  Description 

TEXTURE:  Fine  to  medium-grained  sandstone,  subangular  to  well 
rounded,  medium  sorting,  tightly  packed,  poor  porosity,  cementation 
by  silica  overgrowths,  clastic. 

S TRUC TURE :  None  ob  s  e rve  d . 

MINERALOGY:  Quartz  55-60%,  siliceous  rock  fragments  15-20$, 
argillaceous  rock  fragments  10-15$,  matrix  of  fine  illitic 
clay  material,  5-10%,  glauconite  less  than  1%,  opaques  less 
than  1%,  twinned  feldspar,  badly  altered,  less  than  1%. 

CEMENT :  3%  as  silica  overgrowths  on  quartz. 

REMARK 5:  Illitic  clay  material  concentrated  in  some  areas; 

appears  as  shaly  partings  in  hand  sample . 

Hi 

SIGNIFICANCE  OF  COLOR:  Grey  due  to  presence  of  argillaceous 
-rock  fragments  and  matrix. 


CLASSIFICATION:  Lithic  sandstone 
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Slide  3141  -  Depth  5188. 3 T 

Megascopic  Description 

ARGILLACEOUS  SANDSTONE:  Medium  to  dark  grey  with  a  brownish 
cast,  fine-grained,  non-calcareous ,  glauconitic,  traces  pyrite, 
poorly  sorted,  poor  porosity.  Sandstone  occurs  concentrated  in 
pockets  and  irregular  lenses. 

Mi croscopic  Description 

TEXTURE:  Fine  to  medium- grained,  angular  to  rounded  sand  grains 
scattered  throughout  fine-grained  siderite,  poor  sorting,  non- 
porous,  siderite  acts  as  binding  material,  clastic  (see  pi.  XI, 
fig.  3). 

STRUCTURE:  Sand  grains  are  concentrated  in  some  areas. 

MINERALOGY:  Siderite  70-75/O,  quartz  10%,  siliceous  rock  fragments 
5-7%,  argillaceous  rock  fragments  3-5%,  glauconite  less  than  1 %, 
zircon  less  than  1%,  opaques  less  than  1%. 

CEME NT :  None  ob  s  e  r ve  d . 

SIGNIFICANCE  OF  COLOR:  Dark  due  to  the  high  percentage  of 
siderite . 

CLASSIFICATION:  Arenaceous  siderite  ironstone. 

Slide  3142  -  Depth  51S6.0’ 

Megascopic  Description 

ARENACEOUS  IRONSTONE:  Dark  grey  brown,  hard,  dense.  Fine¬ 
grained,  light  grey,  slightly  glauconitic  sandstone  concentrated 
in  irregular  pockets  and  lenses. 


. 


. 


%  '  ,  ■  ■  ■  •  :  •  -  ■ 

»  t 

.  I 


. 

,  "  .  -  '  -  ’ :  ' 

- 

, 


, 


72 


Microscopic  Description 

TEXTURE:  Fine,  angular  to  subrounded  sand  grains  concentrated 
in  bands  and  scattered  throughout  fine-grained  siderite,  poorly- 
sorted,  non-porous,  siderite  acts  as  a  binding  material,  clastic. 
STRUCTURE:  Sand  grains  concentrated  in  bands  roughly  parallel 
to  bedding, 

MINERALOGY :  Siderite  70-75%,  (100%  in  some  areas),  quartz 
10-15%,  siliceous  rock  fragments  5%,  argillaceous  rock  fragments 
2%,  glauconite  less  than  1%,  opaques  less  than  1%, 

.  CEMENT:  None  observed, 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  the  presence  of  siderite, 
CLASSIFICATION:  Arenaceous  siderite  ironstone, 

California  Standard  Cynthia  $16-21 
Lsd.  16  Sec.  21  Twp.  49  Rge  •  13  W5 
K.B.  3297*  Viking  Top  7508’ 

Slide  3143  -  Depth  7508,2* 

Megascopic  Description 

CONGLOMERATE;  Light  brown  matrix  with  light  and  dark  grey 
angular  to  sub rounded  chert  pebbles,  non-calcareous,  poorly 
sorted,  poor  porosity,  traces  pyrite .  Chert  pebbles  up  to 
5  mm,  in  diameter,  average  3  mm. 
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Microscopic  Description 

TEXTURE:  Fin©  pebble  conglomerate,  pebbles  subangular  to 
rounded,  poorly  sorted,  bimodal  size  distribution,  poor 
porosity,  cementation  by  calcite  and  silica,  clastic. 

STRUCTURE:  None  observed. 

MINERALOGY:  Siliceous  rock  fragments  (including  chert, 
quartzite  and  siliceous  volcanics)  50-55  A,  quartz  15-20/O, 
argillaceous  rock  fragments  5-10%,  pyrite  5  ,  twinned  feldspar 
2 -o,  calcite  5  .. 

CEMENT:  9%  total,  calcite  5%,  silica  4$. 

REMARKS:  The  pebble  size  fraction  consists  mainly  of  chert 
and  siliceous  volcanics,  some  of  which  appear  to  be  partially 
replaced  by  pyrite  (see  pi.  XI,  fig.  9).  Most  of  the  feldspar 
appears  altered. 

SIGNIFICANCE  OF  COLOR:  Dark  due  to  siliceous  and  argillaceous 
pebbles . 

CLASSIFICATION:  Lithic  pebble  conglomerate. 

Slide  3144  -  Depth  7509.7’ 

Megascopic  Description 

SILTSTONE:  Medium  to  dark  grey  with  a  slight  brownish  cast, 
non-calcareous,  micromicaceous,  well  sorted,  faintly  banded. 
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Microscopic  Description 

TEXTURE:  Medium-grained,  angular  to  subrounded  quartz  silt 
scattered  throughout  fine-grained  siderite,  poor  porosity, 
clastic . 

STRUCTURE:  Rone  observed. 

MINERALOGY :  Siderite  65-70%,  quartz  20-2 5/o,  argillaceous  and 
siliceous  rock  fragments  5%,  mica  less  than  T%,  opaques  less 
than  l/o. 

CEMENT:  None  observed. 

SIGNIFICANCE  OF  COLOR:  Brown  due  to  siderite. 

CLASSIFICATION:  Silty  siderite  ironstone. 

Slide  3145  -  Depth  7510.0' 

Megascopic  Description 

SANDSTONE:  Medium  to  dark  grey,  very  fine-grained,  non- 
calcareous,  well  sorted,  faintly  "salt  and  pepper",  banded, 
cross-bedded,  poor  porosity.  Grades  into  dark  grey,  micromicaceous, 
non-calcareous  shale  above. 

Microscopic  Description 

TEXTURE:  Very  fine-grained  sandstone,  angular  to  subrounded, 
well  sorted,  tightly  packed,  poor  porositjr,  illitic  olay  matrix, 
calcite  cementation,  clastic. 

STRUCTURE:  The  more  elongate  grains  tend  to  parallel  the 


bedding 
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MINERALOGY:  Quartz  55-60%,  siliceous  and  argillaceous  rock 
fragments  10-15%',  matrix,  illitic  clay  material  15-20%, 
glauconite  less  than  1%,  black  opaques,  possibly  carbonaceous 
material,  less  than  1  %,  calcite  5-7%. 

CEMENT :  Calcite  5-7%. 

SIGNIFICANCE  OF  COLOR:  Dark  due  to  matrix. 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3146  -  Depth  7 511 .9 T 

Megascopic  Description 

SANDSTONE:  Light  to  medium  grey,  very  fine-grained,  no n- 
calcareous,  well  sorted,  faintly  ”salt  and  pepper”,  hard, 
dense,  vitreous  appearance. 

Microscopic  Description 

TEXTURE:  Fine-grained  sandstone,  angular  to  sub rounded,  medium 
sorting,  poor  porosity,  cementation  by  silica  overgrowths  and 
calcite,  clastic. 

S TRUC  TURE :  None  ob  s  e  rve  d . 

MINERALOGY:  Quartz  70-75%,  argillaceous  rock  fragments  5-10%, 
siliceous  rock  fragments  5%,  matrix,  fine  illitic  clay 
material  10-15,%,  calcite  less  than  1%,  zircon  less  than  1%, 
mica  less  than  1%,  opaques  less  than  1%,  glauconite  less  than 
1%. 

CEMENT:  6%  total.  Silica  overgrowths  on  quartz  5%,  calcite 


1%. 
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SIGNIFICANCE  OF  COLOR:  Grey  due  to  matrix  and  argillaceous 
rock  fragments • 

CLASSIFICATION:  Lithic  sandstone. 

Slide  3147  -  Depth  7515.6' 

Megascopic  Description 

SANDSTONE:  Light  to  medium  grey  with  a  slight  brownish 
cast,  very  fine-grained,  non-calcareous,  slightly  glauconitic, 
micromicaceous,  vitreous  appearance.  Underlain  by  reworked 
sandstone  shale  mixture • 

Microscopic  Description 

TEXTURE:  Very  fine-grained  sandstone,  angular  to  subrounded, 
medium  sorting,  poor  porosity,  cementation  by  silica  overgrowths 
and  calcite,  clastic. 

STRUCTURE:  Some  tendency  for  elongate  grains  to  parallel 
bedding. 

MINERALOGY:  Quartz  60 -65'b,  argillaceous  rock  fragments  10-15%, 
siliceous  rock  fragments  5/1,  matrix,  fine  quartz  silt  and 
illitic  clay  material  15-20%,  calcite  less  than  1%,  pyrite  less 
than  1%,  tourmaline  less  than  1%,  altered  mica  less  than  1%, 
opaques,  carbonaceous  material,  less  than  1%, 

CEMENT:  5%  total.  4/b  as  silica  overgrowths  on  quartz,  1% 
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SIGNIFICANCE  OF  COLOR:  Grey  due  to  matrix  and  argillaceous 
rock  fragments . 

CLASSIFICATION:  Lithic  sandstone* 
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APPENDIX  C 

LOCATION  OF  HEAVY  MINERAL  SAMPLES 

Mid  Western  Majeau  ^B-6-36 
Lsd.  6  Sec.  36  Twp .  56  Rge •  4  W5 
Viking  Top  3403. 5 ' 

Sample  Depth  in  Feet 


MJ  1 

3420.8 

MJ  2 

3431.7 

MJ  3 

3441.5 

MJ  4 

3448.6 

MJ  5 

3459.0 

MJ  6 

3464.7 

MJ  7 

3477.7 

MJ  8 

3486.6 

MJ  S 

3491.5 

MJ  10 

3497.3 

MJ  11 

3503.0 

MJ  12 

3505 .0 

MJ  13 

3510.5 

MJ  14 

3516.5 

MJ  15 

3519.3 
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Fina-Pan  American-H #B.  Windfall  $7-8 
Lsd.  7  Sec.  8  Twp.  60  Rge  •  15  W5 
Viking  Top  5096' 


Sample 


Depth  in  Feet 


W  1 


5176.3 


W  2  5178.5 

I  3  5186.0 


California  Standard  Cynthia  ^-16-21 
Lsd.  16  Sec.  21  Twp.  49  Rge.  13  W5 
Viking  Top  7508* 


Sample 
C  1 
C  2 
C  3 
C  4 


Depth  in  Feet 


7511.9 
7515.0 
7522.8 
7  532.0 
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APPENDIX  D 

LOCATION  OF  THIN  SECTIONS 

Mid  Western  Majeau  $13-6-36 
Lsd •  6  Sec •  36  Twp .  56  Rge •  4  W5 
Viking  Top  3403,5* 


Thin  Section 

Depth  in  Feet 

3121 

3403 .5 

3122 

3418,4 

3123 

3431,6 

3124 

3448.0 

3125 

3478.9 

3126 

3486 .6 

3127 

3490.4 

3128 

3497.3 

3129 

3502.7 

3130 

3503.1 

3131 

3503.4 

3132 

3503.7 

3133 

3504.6 

3134 

3513.3 

3135 

3517.5 

3136 

3519.9 

Fina-Pan  American-H .B .  Windfall  $7-8 
Lsd.  7  Sec.  8  Twp.  60  Rge •  15  W5 
Viking  Top  5096  * 
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Thin  Section 

Depth  in  Feet 

3137 

5175.9 

3138 

5176.7 

3139 

5178.5 

3140 

5180.8 

3141 

5188.3 

3142 

5196.0 

California  Standard  Cynthia  $16-21 
Lsd.  16  Sec.  21  Twp.  49  Rge •  13  ¥5 
Viking  Top  7508’ 

Thin  Section 

Depth  in  Feet 

3143 

7508.2 

3144 

7509.7 

3145 

7510.0 

3146 

7511.9 

3147 

7515.6 

- 
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EXPLANATION  OF  PLATE  I 
Photomicrographs  of  Heavy  Minerals 


Figure  1 : 
Figure  2 : 

Figure  3: 

Figure  4 : 
Figure  5: 
Figure  6 : 

Figure  7 : 

Figure  8: 

Figure  9 : 

Figure  10; 

Figure  11; 
Figure  12  * 


Collophane,  angular  fragment,  light  brown;  X160;  Mid 
Western  Majeau  $33-6-36;  Sample  MJ  10;  Depth  3497*3’  • 

Zircon,  elongate,  rounded,  light  brown,  inclusions 
and  pitted  surface;  X160;  Mid  Western  Majeau  $B-6-36; 
Sample  MJ  4;  Depth  3448*6’ • 

Tourmaline,  elongate  prismatic  grain,  pleochroic,  e=pale 
yellow,  w=dark  brown,  aligned  inclusions;  X160;  Fina 
et  al  Windfall  $7-8;  Sample  W  3;  Depth  5186*0’ . 

Apatite,  elongate,  prismatic;  X160;  Mid  Western 
Majeau  $33-6-36;  Sample  MJ  9;  Depth  3491*5’. 

Dahlite,  elongate,  fragment,  brown;  X160;  Mid  Western 
Majeau  yB-6-36 ;  Sample  MJ  1;  Depth  3420.8’ . 

Collophane,  angular  fragment,  showing  inclusions 
(?)  or  original  structure;  X160;  Mid  Western  Majeau 
$13-6-36;  Sample  MJ  11;  Depth  3503*0’. 

Tourmaline,  elongate,  prismatic  grain,  pleochroic, 
e=pink,  w=black;  X160;  Mid  Western  Majeau  $B-6-36; 

Sample  MJ  4;  Depth  3448.6’ • 

Zircon,  euhedral,  pyramidal  terminations,  zoned, 
colorless,  inclusions  present,  pitted  surface;  X160; 

Mid  Western  Majeau  $B-6-36;  Sample  MJ  7;  Depth  3477.7’ . 

Zircon,  zoned,  brown,  some  inclusions  present, 
subhedral,  surface  pitted;  X160;  Mid  Western  Majeau 
#B-6-36;  Sample  MJ  4;  Depth  3448.6’. 

Zircon,  extremely  well  rounded,  colorless,  surface 
pitted;  X160;  Mid  Western  Majeau  $B-6-36;  Sample 
MJ  7;  Depth  3477.7' . 

Zircon,  subhedral,  elongate,  colorless;  X160;  Mid 
Western  Majeau  $B-6-3 6;  Sample  MJ  12;  Depth  3505.0’ • 

Zircon,  subhedral,  elongate,  opaque  inclusions  present, 
colorless;  X160;  Mid  Western  lajeau  $ B-6-36;  Sample  MJ  9; 
Depth  3491.5’. 


PLATE  1. 
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EXPLANATION  OF  PLATE  II 


Photomicrographs  of  Heavy  Minerals 


Figure  1 : 


Figure  2 : 


Figure  3: 


Figure  4s 


Figure  5: 


Figure  6: 


Figure  7 : 


Figure  8: 


Figure  9: 


Figure  10: 


Figure  11 : 


Figure  12 : 


Dahlite,  elongate,  angular  fragment,  dark  brown; 

XI 60;  Mid  Western  Majeau  #8-6-36;  Sample  MJ  1;  Depth 
3420.8’ . 

Apatite,  stubby  prismatic  grain,  inclusions;  X160; 

Mid  Western  Majeau  $13-6-36;  Sample  MJ  10;  Depth  3497  .3’  • 

Dahlite,  irregular  shaped  grain,  brown;  N160;  Mid  Western 
Majeau  #B-6-36;  Sample'  MJ  1;  Depth  3420.8’ . 

Zircon,  extremely  well  rounded,  hyacinth,  inclusions, 
pitted  surface;  N160;  Fina  et  al  Windfall  #7-8; 

Sample  W  3;  Depth  5186.0’ • 

Garnet,  irregular  in  shape,  conchoidal  fracture, 
colorless;  X160;  Mid  Western  Majeau  #B-6-36;  Sample 
MJ  9;  Depth  3491.5’ • 

Collophane,  angular  fragment  showing  internal  structure, 
brown;  X160;  Mid  Western  Majeau  vrB-6-36;  Sample  MJ  10; 
Depth  3497  .3’  . 

Tourmaline,  well  rounded,  pleochroic  e=light  brown,  w= 
dark  brown,  showing  a  clear,  well  rounded  overgrowth  at 
the  top,  overgrowth  exhibits  fibrous  structure;  X160; 

Mid  Western  Majeau  #B-6-36 ;  Sample  MJ  12;  Depth  3505.0’. 

Apatite,  prismatic  grain,  one  dark  inclusion  and  a  series 
of  smaller,  liquid  inclusions;  X160;  Mid  Western  Majeau 
#B-6-36 ;  Sample  MJ  6;  Depth  3464.7’. 

Dahlite,  angular  fragment,  brown,  showing  internal 
structure  or  inclusions;  X160;  Mid  Western  Majeau  #B-6-36; 
Sample  MJ  10;  Depth  3497.3’. 

Tourmaline,  elongate,  rounded,  with  small  clear 
overgrowth,  original  grain  pleochroic,  e=colorless,  w= 
dark  brown,  inclusions  present;  X160;  Mid  Western 
Majeau  # B-6-36;  Sample  MJ  10;  Depth  3497.3’. 

Tourmaline,  rounded,  somewhat  tabular,  pleochroic, 
e=yellow  brown,  w=dark  greenish  brown;  X160;  Fina  et  al 
Windfall  #7-8;  Sample  W  2;  Depth  5178.5’. 

Tourmaline,  elongate,  prismatic,  pleochroic  e=yellow, 
w=dark  brown,  aligned  opaque  mineral  inclusions;  X160; 

Mid  Western  Majeau  #B-6-3 6;  Sample  MJ  4;  Depth  3448.6’ . 
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EXPLANATION  OF  PLATE  III 


Photomicrographs  of  Heavy  Minerals 


Figure  Is 

Figure  2 : 
Figure  3; 

Figure  4; 

Figure  5: 

Figure  6 : 

Figure  7 : 

Figure  8 : 

Figure  9 : 

Figure  10 ; 
Figure  11 : 

Figure  12 ; 


Tourmaline,  well  rounded,  opaque  inclusion,  pleochroic, 
e=yellow,  w=dark  brown;  X160;  Mid  Western  Majeau  #B-6-36; 
Sample  MJ  8;  Depth  3486.6*. 

Zircon,  euhedral,  zoned,  brown  in  color;  X160;  California 
Standard  Cynthia  #16-21;  Sample  C  4;  Depth  7532.0*  . 

Tourmaline,  elongate,  prismatic  grain  with  aligned 
inclusions,  pleochroic,  e=colorless,  w=brown;  X160; 
California  Standard  Cynthia  #16-21;  Sample  C  4; 

Depth  7532.0* . 

Corundum,  irregular  shaped  grain  showing  conchoidal 
fracture,  blue,  non  pleochroic;  X160;  California 
Standard  Cynthia  #16-21;  Sample  C  2;  Depth  7515,0*. 

Zircon;  elongate,  rounded  terminations,  colorless, 
surface  pitted;  X1S0;  Mid  Western  Majeau  # 1*6-36 j 
Sample  MJ  9;  Depth  3491.5*. 

Garnet,  irregular  angular  fragment,  pale  yellow, 
conchoidal  fracture;  X160;  Mid  Western  Majeau  #33-6-36; 
Sample  MJ  13;  Depth  3510.5’ • 

Tourmaline,  rounded,  with  clear  rounded  overgrowth, 
pleochroic,  e=yellow,  w=black;  X160;  Mid  Western 
iajeau  #33-6-36;  Sample  MJ  11;  Depth  3503.0* . 

Tourmaline,  somewhat  rounded  grain  with  acicular 
inclusions,  pleochroic,  e=yellow,  w=hrown;  X160; 

Mid  Western  Majeau  #B- 6-36;  Sample  MJ  4;  Depth  3448.6* . 

Tourmaline,  well  rounded.  Inclusions,  pleochroic,  e= 
colorless,  w=dark  green;  X160;  Mid  Western  Majeau 
#8-6-36;  Sample  MJ  4;  Depth  3448.6*. 

Zircon,  elongate,  subhedral,  colorless;  X160;  California 
Standard  Cynthia  #16-21;  Sample  C  3;  Depth  7522.8*. 

Cas site rite,  slightly  worn  euhedral  grain,  striations 
parallel  and  oblique  to  vertical  axis,  colorless,  non- 
pleochroic,  round  deep  red  inclusions;  X160;  California 
Standard  Cynthia  #16-21;  Sample  C  2;  Depth  7515.0*. 

Tourmaline,  well  rounded,  brown,  non  pleochroic;  X160; 

Mid  Western  Majeau  #8-6-36;  Sample  MJ  8;  Depth  3486.6*. 


PLATE  3. 
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EXPLANATION  OF  PLATE  IV 
Phot omicrographs  of  Heavy  Minerals 


Figure  1 : 

Figure  2: 

Figure  3: 

Figure  4: 

Figure  5: 

Figure  6 : 

Figure  7 ; 

Figure  8: 
Figure  9 : 

Figure  10: 
Figure  11: 

Figure  12; 


Zircon,  elongate,  colorless  grain,  inclusion  free; 

X160;  California  Standard  Cynthia  # 16-21;  Sample  C  3; 

Depth  7 522.8 f . 

Tourmaline,  elongate  rounded  grain,  with  numerous 
liquid  (?)  inclusions,  pleochroic,  e=colorless, 
w=dark  brown;  X160;  Mid  Western  Majeau  #©-6-36; 

Sample  MJ  7;  Depth  3477.7’. 

Rutile,  elongate,  reddish  brown,  nearly  opaque,  slightly 
pleochroic;  X160;  Mid  Western  Majeau  -#©-6-36;  Sample 
MJ  9;  Depth  3491. 5T . 

Apatite,  prismatic  grain  with  rounded  terminations, 
aligned  opaque  inclusions;  X1S0;  California  Standard 
Cynthia  #16-21;  Sample  C  4;  Depth  7532.0’ • 

Tourmaline,  prismatic  grain  showing  conchoidal  fracture 
and  inclusions,  pleochroic,  e=colorless,  w-greenish  brown; 
X160;  California  Standard  #16-21;  Sample  C  4;  Depth 
7532.0’ . 

Garnet,  euhedral  grain  with  well  developed  crystal  faces, 
yellow;  X160;  Mid  Western  Majeau  #B-6-36;  Sample  MJ  12; 

Depth  3505.0’ . 

Zircon,  euhedral,  prismatic  grain  with  pyramidal 
terminations,  colorless,  inclusion  free;  X160; 

California  Standard  Cynthia  #16-21;  Sample  C  4;  Depth 
7532.0’ . 

Apatite,  stubby  prismatic  grain  with  euhedral  inclusion; 

X160;  Mid  Western  Majeau  #B-6-36;  Sample  MJ  8;  Depth  3486.6’. 

Tourmaline,  well  rounded  with  clear,  fibrous,  rounded 
overgrowth,  grain  is  not  markedly  pleochroic,  blue-grey 
color  in  all  orientations;  X160;  Mid  Western  Mageau  #B-6-36; 
Sample  MJ  11;  Depth  3503.0’ . 

Zircon,  elongate,  subhedral,  colorless;  X160;  California 
Standard  Cynthia  #16-21;  Sample  C  3;  Depth  7522.8’. 

Tourmaline,  rounded,  with  clear  overgrowth,  grain  is  not 
markedly  pleochroic,  blue-grey  color  in  all  orientations; 
X160;  Mid  'Western  Majeau  #B-6-36;  Sample  MJ  11;  Depth  3503.0’ 


Zircon,  euhedral,  colorless,  one  round  opaque  inclusion;  X160 
California  Standard  Cynthia  #16-21;  Sample  "c  3;  Depth  7522.8’ 


PLATE  4. 
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Figure  1 


Figure  2 


Figure  3 


Figure  4 


EXPLANATION  OF  PIATE  Y 
Photographs  of  Core 


:  Conglomeratic  sandstone,  blue  to  black  chert  pebbles 
set  in  fine  to  medium- grained  sandstone;  bottom  half 
irregularly  interbedded  sandstone  and  shale;  XI; 

California  Standard  Cynthia  # 16-21;  Diamond  Core  #6; 

Depth  7509.3*  -  7509. 6* . 

:  Interbedded  sandstone  and  shale,  showing  cut-and-f ill, 
animal  burrows  and  reworked  nature  of  the  deposit. 

Sandstone  at  bottom  is  cross-bedded;  XI;  Mid  Western 
Majeau  #B-6-36;  Diamond  Core  #5;  Depth  3412. 1*  -  3412.4f. 

:  Reworked  sandstone  and  shale  mixture  at  top;  cross- 

bedded,  banded  sandstone;  load  casts  at  base;  XI;  Mid  Western 
Majeau  #B-6-36;  Diamond  Core  #5;  Depth  3408. 01  -  3408.5*. 

:  Irregularly  interbedded  sandstone  and  shale.  Lighter 

grey  is  irregular  band  of  brown  ironstone;  XI;  Mid  Western 
Majeau  $B-6-36;  Diamond  Core  $8;  Depth  3517.8*  -  3518.0*. 
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Figure  1 


Figure  2 


plate  5 
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Figure  1 


Figure  2 


Figure  3 


Figure  4 


EXPLANATION  OF  PLATE  V 
Photographs  of  Core 


:  Conglomeratic  sandstone,  blue  to  black  chert  pebbles 
set  in  fine  to  medium- grained  sandstone;  bottom  half 
irregularly  interbedded  sandstone  and  shale;  XI; 

California  Standard  Cynthia  #16-21;  Diamond  Core  #6; 

Depth  7509.3'  -  7509.6*. 

:  Interbedded  sandstone  and  shale,  showing  cut-and-f ill, 
animal  burrows  and  reworked  nature  of  the  deposit. 

Sandstone  at  bottom  is  cross-bedded;  XI;  Mid  Western 
Majeau  #B-6-36;  Diamond  Core  #5;  Depth  3412.1'  -  3412.4*. 

:  Reworked  sandstone  and  shale  mixture  at  top;  cross- 

bedded,  banded  sandstone;  load  casts  at  base;  XI;  MidWestern 
Majeau  #B-6-36;  Diamond  Core  #5;  Depth  3408.0*  -  3408.5*. 

Irregularly  interbedded  sandstone  and  shale.  Lighter 
grey  is  irregular  band  of  brown  ironstone;  XI;  Mid  Western 
Majeau  #B-6-36;  Diamond  Core  #8;  Depth  3517.8’  -  3518.0*. 
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EXPLANATION  OF  PLATE  VI 


Photographs  of  Gore 


Figure  Is  "Salt  and  pepper"  sandstone,  somewhat  graded;  X2;  Mid 
Western  Majeau  $B-6-36;  Diamond  Core  $8;  Depth  3512 ,9 1 

Figure  2:  Sandstone  and  shale,  interbedded.  Sandstone  occurs 
as  lenses  and  isolated  blebs;  XI;  Mid  Western  Majeau 
$B-6-36;  Diamond  Core  77-8;  Depth  3505. 1T  -  3505.4’. 

Figure  3;  Irregularly  interbedded  sandstone  and  shale,  showing 
sharp  change  in  lithology  to  clean  sandstone  above; 

X2 ;  Mid  Western  Majeau  $B-6-36;  Diamond  Core  $6; 

Depth  3461.5’  -  3461.7’. 


Figure  4:  Well  sorted,  "salt  and  pepper"  sandstone,  banded;  X2; 

Mid  Western  Majeau  $33-6-36;  Diamond  Core  $3;  Depth 
3519.3’  -  3519.5’ . 
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Figure  1 


Figure  2 


Plate  6 
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EXPIRATION  OF  PLATE  VI 
Photographs  of  Core 


Figure  1:  "Salt  and  pepper”  sandstone,  somewhat  graded;  X2;  Mid 
Western  Majeau  fB-6-36;  Diamond  Core  #8;  Depth  3512.9 

Figure  2:  Sandstone  and  shale,  interbedded.  Sandstone  occurs 
as  lenses  and  isolated  blebs;  XI;  Mid  Western  Majeau 
$B-6-3 6;  Diamond  Core  jj=&;  Depth  3505.1*  -  3505.4’. 

Figure  3;  Irregularly  interbedded.  sandstone  and  shale,  showing 
s§aff"afi3nge  in  lithology  to  clean  sands*6oft3u#£3ve; 
X2;  Mid  Yfestem  Majeau  #0-6-36;  Diamond  Core  #6; 

Depth  3461.5V  -  3461.7’. 

Figure  4:  Well  sorted,  "salt  and  pepper”  sandstone,  banded;  X2; 

Mid  Western  Majeau  ^B-6-36;  Diamond  Core  $8;  Depth 
3519.3*  -  3519.5*. 
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Figure  1 


Figure  2 


Figure  3 


EXPLANATION  OF  PLATE  VII 
Photographs  of  Gore 


:  lieworked  sandstone  and  shale  mixture,  cut-and-fill; 
XI 5  Mid  Western  Majeau  $B-6-36;  Diamond  Core  $5$ 
Depth  3428.7’  -  3428.95’. 

:  Irregularly  interbedded  sandstone  and  shale  showing 
animal  burrows,  cut-and-fill  and  cross-bedding;  XI; 
Mid  Western  Majeau  ^B-6-36;  Diamond  Core  $5;  Depth 
3412.2*  -  3412.4*. 

:  Reworked  sandstone  and  shale  mixture;  sandstone  at 
bottom  left  is  cross-bedded;  XI;  Mid  Tfestern  Majeau 
#B-6-3 6;  Diamond  Core  #6;  Depth  3437.9*  -  3438.1*. 
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Figure  1 


Fi gure  2 


EXPLANATION  OF  PLATE  VII 
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photographs  of  Core 
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Figure  1:  Reworked  sandstone  and  shale  mixture,  cut-and-fill; 

XI;  Mid  Western  Majeau  $B-6- 36;  Diamond  Core  $5; 
Depth  3426*7 *  -  3428 .95’. 

Figure  2:  Irregularly  interbedded  sandstone  and  shale  showing 
animal  burrows,  cut-and-fill  and  cross-bedding;  XI; 
Mid  Western  Majeau  #B-6-36;  Diamond  Core  #5;  Depth 
3412*2’  -  3412.4’. 

Figure  3:  Reworked  sandstone  and  shale  mixture;  sandstone  at 
bottom  left  is  cross-bedded;  XI;  Mid  Western  Majeau 
#B-6-36;  Diamond  Core  #6 ;  Depth  3437.9’  -  3438.1’. 
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Figure  1 


Figure  2 


Figure  3 


EXPLANATION  OF  PLATE  VIII 
Photographs  of  Gore 


:  Interbedded  sandstone  and  shale,  sandstone  occurs  in 
lenses  and  thin  bands,  central  portion  reworked,  animal 
burrovfs  at  left;  XI;  Mid  Western  Majeau  $B-6-36; 

Diamond  Gore  #5;  Depth  3415.5'  -  3415.7'. 

:  Reworked  sandstone  and  shale  at  top,  shows  sharp 
contact  with  underlying  banded  sandstone;  XI;  Mid 
Western  Majeau  $8-6-36;  Diamond  Core  $5;  Depth  3410’  - 
3410.2'. 

:  Interbedded  sandstone  and  shale,  sandstone  is  cross- 
bedded,  coaly  shale  band  near  base;  XI;  Mid  Western 
Majeau  $B-6-36;  Diamond  Core  $5;  Depth  3420.8'  -  3421.1'. 


Figure  2 
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Figure  1 


Figure  2 


Figure  3 


liDTLANATIOh  OF  PLATE  VIII 
Photographs  of  Gore 


I  eTi/gi'i 


:  Interbedded  sandstone  and  shale,  sandstone  occurs  in 
lenses  and  thin  bands,  central  portion  reworked,  animal 
burrows  at  left;  XI;  Mid  Western  Majeau  #B-6-36; 

Diamond  Core  $ 5;  Depth  3415.5*  -  3415.7*. 

:  Reworked  sandstone  and  shale  at  top,  shows  sharp 
contact  with  underlying  banded  sandstone;  XI;  Mid 
Western  Majeau  /rB-6-36;  Diamond  Core  ;  Jepth  3410*  - 
3410.2  * • 

:  Interbedded  sandstone  and  shale,  sandstone  is  cross- 
bedded,  coaly  shale  band  near  base;  XI;  Mid  Western 
Majeau  7fB-6-36;  Diamond  Core  #5;  Depth  3420.8 T  -  3421. 1* . 
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EXPLANATION  OF  PLATE  IX 
Photographs  of  Gore 


Figure  Is  Banded,  ’’salt  and  pepper”  sandstone,  lower  left  corner 
shows  cross-bedding;  XI  Mid  Western  Majeau  #B-6-36; 
Diamond  Core  # 8;  Depth  3519,3’  -  3519,5’. 

Figure  2:  Conglomerate,  somewhat  graded;  X2;  California  Standard 
Cynthia  #16-21;  Core  #6;  Depth  7508.2’  -  7508.3’. 

Figure  3:  Irregularly  interbedded  sandstone  and  carbonaceous 

shale;  XI;  Fina  et  al  Windfall  #7-8;  Diamond  Core  #1; 
Depth  5179.1’  -  5179.5’ . 


103 


Figure  3 


EXPLANATION  OF  PLATE  IX 
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Photographs  of  Core 


Figure  Is  Banded,  ’’salt  and  pepper M  sandstone,  lower  left  corner 
shows  cross -bedding;  XI  1/lid  Western  Llajeau  #B-6-36; 
Diamond  Gore  #8;  Depth  3519.3’  -  3519.5*. 

Figure  2:  Conglomerate,  somewhat  graded;  X2;  California  Standard 
Cynthia  #16-21;  Core  #6;  Depth  7508.2*  -  7508.3*. 

Figure  3:  Irregularly  interbedded  sandstone  and  carbonaceous 

shale;  XI;  Fina  et  al  Yiindfall  #7-8;  Diamond  Core  #1; 
Depth  5179. 1*  -  5179.5*. 
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Figure  1 


Figure  2 


Figure  3 


EXPLANATION  OF  PLATE  X 
Photographs  of  Core 


:  Sharp  contact  between  ironstone  band  and  sandstone. 
Sandstone  somewhat  graded;  X2;  Fina  et  al  Windfall 
#7-8;  Diamond  Gore  #1;  Depth  5175.7'  -  5175.8'. 

:  Interbedded  sandstone  and  carbonaceous  shale,  sandstone 
cross-bedded;  XI;  Mid  Western  Majeau  #B-6-36;  Diamond 
Core  #5;  Depth  3409.5'  -  3409.75’. 

:  Reworked  sandstone  and  shale  mixture  overlain  by- 
banded  sandstone,  animal  burrows  at  left;  XI;  Mid 
Western  Majeau  #B-6-36;  Diamond  Core  #5;  Depth 
3410.0'  -  3410.2’ . 
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Figure  1 


Figure  3 


EXPUPATION  OF  PLATE  X 
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Photographs  of  Core 
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Figure  Is  Sharp  contact  between  ironstone  band  and  sandstone. 

Sandstone  somewhat  graded;  X2;  Fina  et  al  Windfall 
#7-8;  Diamond  Core  #1;  Depth  5175.7’  -  5175.8’. 

Figure  2:  Interbedded  sandstone  and  carbonaceous  shale,  sandstone 
cross-bedded;  XI;  Mid  Western  Majeau  tB-6-36;  Diamond 
Core  #5;  Depth  3409,5’  -  3409.75'. 

Figure  3;  Reworked  sandstone  and  shale  mixture  overlain  by- 
banded  sandstone,  animal  burrows  at  left;  XI;  Mid 
Western  Majeau  #B-6-36;  Diamond  Core  #5;  Depth 
3410.0'  -  3410.2’ . 
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Figure  1: 


Figure  2: 


Figure  3: 


Figure  4: 


Figure  5: 


Figure  6 : 


Figure  7 : 


EXPLANATION  OF  PLATE  XI 


Photomicrographs  of  Thin  Sections 


Slide  3133.  Quartz  grains  white,  closely  packed  due 
to  silica  overgrowths;  argillaceous  and  siliceous  rock 
fragments  speckled  grey  and  dark  grey;  X30;  Crossed 
nicols;  Mid  Western  Majeau  4f B-6-36;  Depth  3504.6; 
Description  on  page  63. 

Slide  3124.  Veil  rounded  quartz,  white;  argillaceous 
and  siliceous  rock  fragments,  dark  grey;  matrix  is 
illitic  clay  material  and  quartz  silt;  X30;  Crossed 
nicols;  Mid  Western  Majeau  $8-6-36;  Depth  3448,0’; 
Description  on  page  55, 

Slide  3141.  Quartz,  white;  argillaceous  and  siliceous 
rock  fragments,  dark  grey.  Speckled  grey  background  is 
siderite;  X30;  Crossed  nicols;  Fina  et  al  Windfall 
-$7-8  ;  Depth  5188.3’;  Description  on  page  71. 

Slide  3137.  Quartz,  white;  argillaceous  and  siliceous 
rock  fragments,  dark  grey;  siderite,  speckled  grey, 
shows  contact  between  siderite  band  and  medium- grained 
sandstone;  X30;  Crossed  nicols;  Fina  et  al  Windfall  $7-8; 
Depth  5175.7’;  Description  on  page  67. 

Slide  3132.  Quartz,  white  and  light  grey;  argillaceous 
and  siliceous  rock  fragments,  speckled  grey;  siderite 
around  grains  stands  out  in  relief;  estimated  porosity 
10-1 5/o ;  X30;  Crossed  nicols;  Mid  Western  Majeau  $8-6-36; 
Depth  3515.3’;  Description  on  page  62. 

Slide  3134.  Quartz,  white  and  light  grey;  argillaceous 
and  siliceous  rock  fragments,  dark  grey  and  speckled 
grey;  dark  background  is  illitic  clay  matrix;  X30; 

Crossed  nicols;  Mid  Western  Majeau  $8-6-36;  Depth  3515.3’ 
Description  on  page  64. 

Slide  3147.  Very  fine  grained  sandstone;  quartz, 
argillaceous  and  siliceous  rock  fragments  set  in  a  matrix 
of  fine  quartz  silt  and  illitic  clay  material;  X3Q; 
Crossed  nicols;  California  Standard  Cynthia  $16-21;  Depth 
7515.6;  Description  on  page  76. 
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Figure  8: 


Figure  9: 


EXPLANATION  OF  PLATE  XI  (CONT. ) 


Photomicrographs  of  Thin  Sections 


Slide  3121.  Quartz,  white  and  medium  grey;  argillaceous 
rock  fragments  speckled  grey,  partially  replaced  by 
pyrite;  light  grey  matrix  of  illitic  clay  material  and 
quartz  silt;  X30;  Crossed  nicols;  Mid  Western  ivlajeau 
^B-6-36;  Depth  3403. 5T;  Description  on  page  53. 

Slide  3143.  Fine  pebble  conglomerate;  quartz,  white; 
argillaceous  and  siliceous  rock  fragments  speckled  grey 
and  dark  grey;  dark  pyrite  near  center  is  replacing 
chert;  one  fragment  twinned  feldspar  at  lower  left;  matrix 
is  illitic  clay  material  and  quartz  silt;  X30;  Crossed 
nicols;  California  Standard  Cynthia  $16-21;  Depth  7508.2* 
Description  on  page  72. 


Figure  1 


Firure  2 


Plate  11 


^rL,U^n(V:  CP  PLATE  XI  (COWT, ) 


Photomicrographs  of  Thin  Sections 


Figure  8s  Slide  3121.  'Quartz,  white  and  medium  grey;  argillaceous 


rock  fragments  speckled  grey,  partially  replaced  by 
pyrite;  light  grey  matrix  of  illitic  clay  material  and 
quartz  silt;  X30;  Crossed  nicols;  Mid  Western  Majeau 
-,•33-6-36;  Depth  3403. 5f;  Description  on  page  53. 


Slide  3143.  Fine 
argillaceous  and  s 
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and  dark  grey;  dark  pyrite  near  center  is  replacing 
chert;  one  fragment  twinned  feldspar  at  lower  left;  matrix 
is  illitic  clay  material  and  quartz  silt;  X30;  Crossed 
nicols;  California  Standard  Cynthia  ;/-16-21;  Depth  7508.2; 
Description  on  page  72. 
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